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Abstract
Chaga mushrooms, the sclerotium of Inonotus obliquus, have been used in Mongolia as a traditional hair shampoo to main-
tain healthy hair. Bioassay-guided fractionations of the extract of Chaga mushrooms using a proliferation assay on human 
follicle dermal papilla cells (HFDPCs) gave five lanostane-type triterpenes (1–5), whose structures were identified by spec-
troscopic evidence. Among these, lanosterol (1), inotodiol (3), lanost-8,24-diene-3β,21-diol (4), and trametenolic acid (5) 
demonstrated proproliferative effects on HFDPCs more potent than minoxidil, an anti-alopecia agent, used as the positive 
control. The lanostane-type triterpenes (1, 3, 4, and 5) appeared to be potential candidates of new agents possibly used for 
hair-care with a stimulative effect on hair growth.
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Introduction

Although common factors of hair loss are androgenetic alo-
pecia (AGA) and alopecia areata (AA), stress has also long 
been considered as one of the causal factors involved in hair 
loss [1, 2]. Currently, hair loss (alopecia), which leads to an 
additional emotional stress causing an impact on QOL and 
emotional well-being, has become a common problem in 
men as well as women. Among medicines currently used for 
hair loss treatment, minoxidil, finasteride, and spironolac-
tone are used for AGA treatment, while minoxidil, anthralin 
(dithranol), corticosteroids, and tretinoin are used for AA 
therapy [3–5].

In contrast, many herbal topical formulations have been 
marketed for the treatment to hair loss or for promoting hair 
growth. These natural drugs have advantages in view of 

patient compliance, easy availability, low-cost, and fewer 
side effects, along with more than one mode of biochemical 
action for hair loss treatment. A number of plant materials 
including Platycladus orientalis leaves [6], Erica multiflora 
leaves [7], and grape seeds [8] have been reported to pro-
mote hair growth. However, there is not enough information 
on the active ingredients of these natural sources or evidence  
for their biological efficacy.

Inonotus obliquus, a fungus belonging to the Hymeno-
chaetaceae family [9], is parasitic on birch trees found in 
Eastern and Northern Europe, Russia, Northern Asia, and in 
North America and Canada. The sclerotium of I. obliquus, 
also called Chaga mushrooms, have been used to treat cancer 
in Russia and Western Siberia for centuries. Various second-
ary metabolites, including flavonoids, sterols, and lanostane-
type triterpenes, have been isolated from Chaga mushrooms 
[10–12]. Although most scientific studies on Chaga mush-
rooms have been focused on their antitumor properties [13], 
extracts of Chaga mushrooms have also been reported to 
show anti-oxidant [14, 15], anti-inflammatory [16], antiHIV 
[17], antiHSV [18], and anti-influenza [19], as well as hav-
ing preventive effects against diabetes [20, 21].

We have been studying bioactive natural products from 
Mongolian traditional remedies [22, 23], to search for 
natural product-based leads for therapeutic agents. The 
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decoctions of Chaga mushrooms have been used tradition-
ally  in Mongolia as a shampoo for maintaining healthy hair. 
This information prompted us to study Chaga mushrooms 
for hair growth-promoting effects. We describe here  the 
isolation and identification of triterpenes from Chaga mush-
rooms, and their proproliferative activity on human follicle 
dermal papilla cells (HFDPCs).

Experimental

General

Nuclear magnetic resonance (NMR) spectra were measured 
using a Bruker ADVANCE-500 instrument with tetramethyl-
silane as an internal standard. Column chromatography was 
performed with silica gel 60 N (63–210 µm; Kanto Chemi-
cal, Tokyo, Japan). HPLCs were carried out with a Mightysil 
Si60 column (Kanto Chemical) and a Mightysil RP-18 GPII 
column.

Material

The crushed sclerotium of I. obliquus were purchased in 
April 2014 (Russian Chaga mushroom, lot. no.131,008; Chi-
haya, Kagawa, Japan). A voucher specimen (RCM1404) has 
been deposited at the herbarium of Tokushima University.

Extraction and isolation

The crushed sclerotium of I. obliquus (Chaga mushrooms, 
5.0 kg, dry) were extracted with 80% EtOH aq. (14 L × 4) 
at room temperature for 5 days to give the extract. Rough 
crystallization of the extract from 50% EtOH aq. gave pre-
cipitates (fr. A, 56.1 g). The mother liquor was concentrated 
in vacuo to obtain a residue (fr. B, 183.0 g). Fr. A was frac-
tioned by silica gel column chromatography with elution 
of n-hexane/EtOAc (12:1–2:1) to give eight fractions (frs. 
A1–A8). A part (300 mg) of fr. A3 was applied to silica gel 
HPLC (n-hexane/EtOAc, 12:1) to give lanosterol (1, 12 mg) 
[24]. Fr. A4 (1.1 g) was separated by silica gel column chro-
matography (n-hexane/EtOAc, 15:1–4:1) to yield 10 frac-
tions (frs. A4.1–4.10). Fr. A4.8 was chromatographed over 
a silica gel column (toluene/acetone, 20:1–18:1) to afford 
lanost-8,24-diene-3β-ol-22-al (2, 7 mg) [25]. Inotodiol (3, 
53 mg) [24] was isolated from a part (400 mg) of fr. A5 
using silica gel HPLC (n-hexane/EtOAc, 6:1). Fr. A6 (2.5 g) 
was subjected to silica gel column chromatography (toluene/
acetone, 30:1–15:1) to yield nine fractions (frs. A6.1–6.9). 
Fraction A6.5 was purified by silica gel HPLC (n-hexane/
EtOAc, 8:2) to yield lanost-8,24-diene-3β,21-diol (4, 12 mg) 
[26]. Fr. A8 (9.6 g) was fractioned by silica gel column chro-
matography (n-hexane/EtOAc, 6:1–1:1) to yield 13 fractions 

(frs. A8.1–8.13). Trametenolic acid (5, 59 mg) [24] was 
purified from fr. A8.6 by silica gel HPLC (n-hexane/EtOAc, 
8:2). The structures of 1–5 were identified by comparison of 
their spectroscopic data with the literature data.

Cell culture

HFDPCs (CA60205a; Toyobo, Tokyo, Japan) were cultured 
in papilla cell growth medium (PCGM, CTMTPGM-250; 
Toyobo) containing 5 mL of fetal bovine serum (FBS), 
1.25 mL of insulin transferrin triiodothyronine mixture, 
2.5 mL of bovine pituitary extract, and 1.25 mL of cypro-
terone acetate per 250 mL at 37 °C under 5%  CO2.

Evaluation of proproliferative activity on HFDPCs

Cell proliferation was evaluated by the 3-(4,5-dimethyltia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
HFDPCs (1.0 × 104 cells/mL) were seeded in 96-well plates 
in Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% FBS (200 μL/well), and cultured for 3 days. After 
removal of the culture medium, 200 μL of the test com-
pounds at various concentrations dissolved in serum-free 
DMEM were added to each well, followed by incubation 
for 4 days. The culture medium was removed and 100 µL of 
DMEM with MTT reagent (Dojindo Laboratories, Kuma-
moto, Japan) (0.4 mg/mL) was added to each well, followed 
by incubation for 2 h at 37 °C. The culture medium was 
removed, and 100 µL of 2-propanol was added to dissolve 
the formazan crystals. Absorbance was recorded at 570 nm 
(absorbance at 650 nm as reference) on a microplate reader 
(μQuant; Bio-Tek Instruments, Winooski, VT, USA). The 
results are expressed as a percentage of the control, and val-
ues represent means ± SE. Cell proliferation was determined 
using the following equation:

where A1 is the absorbance at 570 nm (650 nm for the test 
sample) and B1 is the absorbance at 570 nm (650 nm for 
the control).

Evaluation of testosterone 5α‑reductase inhibitory 
effect

Testosterone 5α-reductase inhibitory effect was evaluated 
as previously described [28]. Briefly, the reaction mixture 
contained 80 µL of 80% EtOH aq. solution with the test 
compound, 825 µL of 5 mM Tris–HCl buffer (pH 7.13) 
containing 1.0 mg/mL NADPH and 20 µL of testosterone 
(4.2 mg/mL in propylene glycol). The reaction was initiated 
by adding 75 µL of enzyme solution (S-9 rat liver homogen-
ate) with incubation at 37 °C for 60 min, and was terminated 
by adding 1.0 mL of dichloromethane. After centrifugation 

Cell proliferation (%) = A1∕B1 × 100
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at 1600g for 10 min, the dichloromethane layer was ana-
lyzed by gas chromatography (GC-2010; Shimadzu, Kyoto, 
Japan) [column: DB-1701 (φ 0.53 mm × 30 m), film: 1.0 μm, 
240 °C/300 °C, flame ionization detector, carrier gas:  N2]. A 
similar procedure was carried out for the control tubes [free 
3α-androstanediol, dihydrotestosterone (DHT), and testos-
terone] and after the S-9 reaction.

Testosterone 5α-reductase inhibitory activity was deter-
mined with the following equations using peak:area ratios:

where A3, B3, and C3 are the ratios of 3α-androstanediol, 
DHT, and testosterone, respectively; and

where D and E are the conversions of the control and test 
samples, respectively. The testosterone 5α-reductase value 
for each test sample is expressed as the half-maximal inhibi-
tory concentration  (IC50).

Evaluation of androgen receptor inhibitory effect

SC-3 cells, a cloned cell line derived from a SC115 tumor 
(Shionogi cancer), were cultured in Eagle’s minimum essen-
tial medium (MEM) supplemented with  10−8 mol/L testos-
terone and 2% dextran-coated charcoal-stripped FBS. Cells 
(1.0 × 105 cells/mL) were seeded in 96-well plates (100 μL/
well) and cultured overnight. After washing the cells, the 

ratio = peak area of test sample∕peak area of control

conversion (%) = (A3 + B3)∕(A3 + B3 + C3) × 100

inhibition (%) = (1 − E∕D) × 100

medium was changed to 100 µL of the test sample or cypro-
terone acetate serving as a positive control, dissolved by 
 10−9 mol/L DHT in HAM F12 medium + MEM containing 
0.5% bovine serum albumin (HMB). The supernatant was 
removed after 48 h and 100 µL of MTT solution (0.4 mg/
mL) was added to each well; the cells were incubated for 
2 h at 37 °C. An amount of 200 µL of 2-propanol was added 
to dissolve the formazan crystals. Absorbance was meas-
ured at 570 nm using a microplate reader, with a reference 
wavelength of 650 nm. Control cells were cultured in HMB 
containing  10−9 mol/L DHT. The results are expressed as a 
mean percentage of the control from four cultures.

Results and discussion

Dried Chaga mushrooms were extracted with 80% EtOH 
aq. to give an extract which was suspended in 50% EtOH 
aq. to give precipitates (fraction A) and a mother liquor 
(fraction B). Fr. A was evaluated for proliferative activ-
ity on HFDPCs to show potent activity, 139.8 ± 1.3% at 
3.13 µg/mL, while the proproliferative activity of fr. B at 
3.13 µg/mL was weaker than fr. A,  while that at 12.5 µg/
mL, 139.2 ± 2.2%, was comparable to fr. A. In contrast, the 
proproliferative activity of minoxidil used as the positive 
control was 116.1 ± 3.5% at 80 μM (16.7 µg/mL). Frs. A 
and B did not show inhibitory effect against testosterone 
5α-reductase  (IC50 > 300 μg/mL in each case). In addition, 
frs. A and B did not inhibit androgen receptor  (IC50 > 30 μg/
mL in each case).

Fig. 1  Proproliferative activi-
ties of frs. A1–A8 (1, 5, and 
25 µg/mL) on HFDPCs. Data 
represent means ± SE (n = 3). 
*P < 0.05, **P < 0.01



600 Journal of Natural Medicines (2019) 73:597–601

1 3

The precipitates (fr. A) were separated by silica gel 
column chromatography to give eight sub-fractions (frs. 
A1–A8), whose proliferative effects on HDFPCs were eval-
uated. Since frs. A3–A6 and A8 exhibited potent propro-
liferative effects (158.4, 151.9, 206.8, 136.5, and 134.6%, 
respectively) at 1 μg/mL (Fig. 1), the sub-fractions were 
further purified by column chromatographies to give five 
compounds (1–5). The structures of 1–5 were identified 
as lanostane-type triterpenes, namely lanosterol (1) [24], 
lanost-8,24-diene-3β-ol-22-al (2) [25], inotodiol (3) [24], 
lanost-8,24-diene-3β,21-diol (4) [26], and trametenolic acid 
(5) [24] (Fig. 2) by comparison of their spectroscopic data 
with the literature data.

Proliferative effects of 1–5 on HFDPCs were evaluated 
(Table 1). Proliferation rates of cells treated with 4 and 5 at 

1.25 μM and with 4 at 5 μM were higher than those treated 
with 80 μM of minoxidil. Compounds 1 and 3 showed pro-
proliferative effects at 0.31 μM and 20 μM, respectively, 
comparable to 80 μM of minoxidil, whereas 3 exhibited 
cytotoxicity at a higher concentration.

Based on a traditional usage of Chaga mushrooms for hair 
care in Mongolia, in the present study we isolated five lanos-
tane-type triterpenes 1–5 from the mushrooms. Although 
several lanostane-type triterpenes, including 1–5, have 
already been reported as the constituents of Chaga mush-
rooms [12, 24–26], lanosterol (1), inotodiol (3), lanost-8,24-
diene-3β,21-diol (4), and trametenolic acid (5) were found 
for the first time to show potent proproliferative effects on 
HFDPCs. Fractions A and B obtained from Chaga mush-
room extracts did not show inhibitory activities on testos-
terone 5α-reductase and androgen receptor, whereas several 
steroid derivatives with such activities are used for the treat-
ment of alopecia [27]. This result suggests that these triter-
penes have a mode of action related to hair growth different 
from those of steroid derivatives. The mRNA expression of 
genes related to the hair growth cycle (FGF-7, VEGF, IGF-
1, and HGF) by treatment of 1–5 are under evaluation. The 
results of this study suggest that Chaga mushroom extracts 
could be utilized to an ingredient of a hair care product for 
the treatment of hair loss, and that triterpenes from Chaga 
mushrooms could be potential leads of therapeutic agents 
for promoting hair growth.

Fig. 2  Structures of compounds 1–5 

Table 1  Effects of 1–5 on 
HFDPC proliferation

Data represent means ± SE (n = 6)
nt not tested
*P < 0.05, ***P < 0.001
a Cytotoxicity against HFDPCs
b Cell viability

Compound Concentration (μM) ICa
50

0.31 1.25 5 20

1 nt 90.6 ± 1.0 87.1 ± 1.3 110.6 ± 2.5* 64.5
2 100.3 ± 2.0 97.4 ± 2.7 < 80%b < 80%b > 5
3 111.1 ± 2.9* < 80%b < 80%b < 80%b > 5
4 115.1 ± 2.0*** 147.7 ± 4.0*** 136.6 ± 5.7*** nt 21.1
5 114.4 ± 2.0*** 118.8 ± 1.6*** 96.0 ± 2.7 nt 59.7
Minoxidil 116.1 ± 3.5* at 80 μM
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