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Differentiation of Mycelia and Basidiomes of Antrodia

cinnamomea Using Certain Chemical Components

Tun-Tschu Chang,"” Wu-Rong Wang,”  Cheng-Jen Chou"

[ Summary ]

Using 10 known components in Antrodia cinnamomea including 5 ergostanes (antcins C and K,
and zhankuic acids A, B, and C), 4 lanostanes (sulphurenic acid, dehydrosulphurenic acid, eburico-
ic acid, and dehydroeburicoic acid), and 1 monophenyl (4,7-dimethoxy-5-methyl-1,3-benzodioxole)
as standards, mycelia and basidiomes of A. cinnamomea were differentiated in this study. Natural
basidiomes collected from wood of Cinnamomum kanehirai in natural forests and cultured basidi-
omes grown on potato dextrose agar medium contained all 10 test components. However, natural
mycelia collected from the wood of C. kanehirai in a natural forest and liquid/solid cultured my-
celia grown on potato dextrose broth/potato dextrose agar media contained the 4 lanostanes and
4,7-dimethoxy-5-methyl-1,3-benzodioxole but not the 5 ergostanes. These results indicate that the
production of ergostanes is related to basidiomatal formation of A. cinnamomea, but is not related
to the substrate on which the organism is grown.
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INTRODUCTION

Antrodia cinnamomea TT Chang & WN
Chou is a resupinate to effused-reflexed ba-
sidiomycete with a porous hymenium. It is
known only from Taiwan and is restricted to
Cinnamomum kanehirai Hayata (Chang and
Chou 1995, 2004). The basidiomes produced
on infested wood are used as an herbal medi-
cine in Taiwan. Owing to its host specificity
and rarity in nature as well as its effectiveness
in curing certain illnesses (Shen et al. 2004b),
the basidiomes of the fungus are expensive.
Artificial cultivation of 4. cinnamomea basid-
iomes to satisfy market demand is considered
the most effective solution. Chang and Wang
(2005, 2008) reported that 4. cinnamomea
produced basidiomes on artificial agar media
without containing substrates from wood of
C. kanehirai indicating that the basidiomatal

formation of A. cinnamomea was not related
to the substrate from wood of C. kanehirai. In
addition, Lin et al. (2006) reported that physi-
cal wounding of A. cinnamomea red hyphae
induced basidiomatal formation on an MEA
(malt-extract agar) plate.

It is said that wood components of C.
kanehirai might be related to the bioactive
components of A. cinnamomea. However,
C. kanehirai is an endemic and endangered
species in Taiwan. Resources of this wood
are limited from natural forests; therefore,
using C. kanehirai wood for cultivation of
A. cinnamomea is impossible. Whether the
basidiomes that are formed on media without
C. kanehirai substrates contain the bioactive
components is worth studying. Methanolic/
ethanolic extracts from natural basidiomes of
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A. cinnamomea had some bioactive compo-
nents such as triterpenoids, and monophenyl
and biphenyl components (Chiang et al. 1995,
Shen et al. 2003a, b, 2004b, 2005). In ad-
dition, 2 lanostane-type triterpenoids were
identified from cultured mycelia of 4. cin-
namomea and could be involved in its anti-
inflammatory actions (Shen et al. 2004a,
Chen et al. 2009). We therefore compared the
components from the methanolic extract of
A. cinnamomea among natural basidiomes,
cultured basidiomes, natural mycelia, and lig-
uid/agar-cultured mycelia in this study. Based
on previous studies from our team (Shen et
al. 2003a, b, 2004b, 2005), 9 triterpenoids
(antcins C and K, zhankuic acids A, B, and
C, sulphurenic acid, dehydrosulphurenic
acid, eburicoic acid, and dehydroeburicoic
acid) and 1 monophenyl component (4,7-di-
methoxy-5-methyl-1,3-benzodioxole) from
A. cinnamomea were purified and used as
standards in a high-performance liquid chro-
matographic (HPLC) analysis to differentiate
mycelia and basidiomes of A. cinnamomea in
this study.

MATERIALS AND METHODS

Fungal samples

Natural basidiomes: Three basidiomatal
samples of A. cinnamomea were collected
from the host, C. kanehirai, in natural forests
in Hsinchu, Chiayi, and Kaohsiung Coun-
ties. Natural mycelia: A mycelial mat of A4.
cinnamomea growing in decayed wood of
C. kanehirai in a natural forest in Hsinchu
County was collected. This mycelial mat
was cultured (isolate TFRI B593) and identi-
fied by the first author. Cultured basidiomes:
The methods of Chang and Wang (2005) for
basidiomatal formation of 4. cinnamomea
were followed. Isolates TFRI B479 and B522
isolated from basidiomes of 4. cinnamomea
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respectively collected from Kaohsiung and
Taoyuan Counties were used for the basidi-
omatal production on potato-dextrose-agar
(PDA; Himadia, Mumbai, India) medium.
One block (3 X3 mm) of culture was placed
in the center of a Petri dish containing PDA
medium. Cultures were incubated at 24°C in
the dark for 4 mo for basidiomatal formation.
The basidiomes produced on the PDA medi-
um were collected as cultured basidiomes. In
addition, the mycelia near by the basidiomes
were also collected for an HPLC analysis.
Liquid-cultured mycelia: Isolates TFRI B479
and B86 were used to produce liquid-cultured
mycelia. Four blocks (3 X3 mm) of cultures
were inoculated into each 500-ml flask con-
taining 200 ml potato-dextrose-broth (PDB;
Himadia, Mumbai, India) medium. Cultures
were incubated at 24°C in the dark for 1 mo.
At the end of incubation, mycelia were rap-
idly rinsed with 500 ml of NaCl (250 mM)
in an aspirator-suction system to remove
any contamination from the culture medium.
Agar-cultured mycelia: Isolates TFRI B479
and B86 were used to produce agar-cultured
mycelia. One block (3 X3 mm) of culture was
placed in the center of a Petri dish contain-
ing PDA medium. Cultures were incubated at
24°C in the dark for 1 mo. At the end of in-
cubation, the mycelial layer at the top of the
culture was removed from the Petri dish. All
test samples were dried in an oven at 50°C
until dry before being extracted with me-
thanol.

Preparation of methanolic extracts

Test samples were dried in an oven at
50°C for 2 d. Five grams of each dry sample
was refluxed 4 times with methanol for 6 h;
the extract was filtered and evaporated; and
10 mg of each dry extract was diluted with 1
ml methanol immediately before use (Shen et
al. 2004b).
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HPLC system

HPLC was performed on an Agilent
1100 series with DAD(Diode Array Detector)
detection. The detection wavelength was set
to 210 nm. Separation was obtained with a re-
versed-phase column (Cosmosil 5C,;. AR-II,
250 X 4.6 mm, Kyoto, Japan) eluted at a flow
rate of 1 ml min" with a linear solvent gradi-
ent elution of A (0.0085% H,PO, in H,0) and
B (acetonitrite), and the column was eluted
according to the following profile: 0~65 min,
30~47% B, 65~100 min, 47~47% B, 100~140
min, 47~100% B, 140~170 min, 100~100%
B, 170~175 min, 100~30% B, 175~200 min,
30~30% B. The column temperature was set
to 30°C. The injection volume was 20 uL. Ten
known compounds (with purities of > 99%
for each compound) including 5 ergostane
triterpenoids (antcins C and K, and zhankuic
acids A, B, and C), 4 lanostane triterpenoids
(sulphurenic acid, dehydrosulphurenic acid,
eburicoic acid, and dehydroeburicoic acid),
and 1 monophenyl (4,7-dimethoxy-5-methyl-
1,3-benzodioxole) were used as the detected

components. Their retention times and pat-
terns of detecting wavelength (210 nm) were
based on our previous studies (Shen et al.
2003a, b, 2004b, 2005). Each component
and its retention times (in min) in parenthesis
were as follows: antcin K (23.1 and 24.3),
4,7-dimethethoxy-5-methyl-1,3-benzodioxole
(35.8), antcin C (59.7 and 62.5), zhankuic
acid C (62.6 and 64.0), zhankuic acid B (83.4
and 84.5), dehydrosulphurenic acid (83.5),
sulphurenic acid (87.5), zhankuic acid A (93.9
and 95.0), dehydroeburicoic acid (140.1),
and eburicoic acid (141.4). Because the 5
ergostane triterpenoids have 2 C-25 epimers,
they presented 2 close retention times on the
HPLC chromatograms.

RESULTS

Comparison of natural and cultured ba-
sidiomes

The HPLC chromatogram of 10 standard
components is presented in Fig. 1. The HPLC
chromatograms of 3 natural basidiomes from
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Fig. 1. HPLC chromatogram of 10 known standard components isolated and purified
from Antrodia cinnamomea fruiting bodies. 1, Antcin C; 2, antcin K; 3, zhankuic acid A; 4,
zhankuic acid B; 5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8,
eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole.
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3 collection sites (Hsinchu, Chiayi and Kaoh-
siung Counties) were similar, and consequent-
ly 1 chromatogram of a sample from Hsinchu
County is presented as the standard of natural
basidiomes (Fig. 2). For comparison with 10
standard compounds by HPLC, these 3 natu-
ral basidiomes contained all 10 test standard
compounds. The HPLC chromatograms of 2
cultured basidiomes (isolates B479 and B522)
were similar. When compared to the 10 stan-
dard compounds of natural basidiomes, these
2 cultured basidiomes also contained all 10
test compounds (Fig. 3).

Comparison of natural and cultured my-
celia

The HPLC chromatograms showed that
the methanolic extracts of natural mycelia
contained the 4 detected lanostane triterpe-
noids (sulphurenic acid, dehydrosulphurenic
acid, eburicoic acid, and dehydroeburicoic
acid) and 4,7-dimethoxy-5-methyl-1,3-ben-
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zodioxole (Fig. 4). The natural mycelia did
not contain the 5 detected ergostane triterpe-
noids (antcins C and K, and zhankuic acids
A, B, and C). The HPLC chromatograms of
2 liquid-cultured mycelia and agar-cultured
mycelia (isolates B479 and B86) also con-
tained the 4 lanostanes and 1 monophenyl
compound as did natural mycelia (Fig. 5). In
addition, the mycelia near by the basidiomes
from the nutrient agar medium of isolates
TFRI B479 and B522 also only contained the
4 lanostanes and this monophenyl compound
as did natural mycelia, but not the 5 detected
ergostane triterpenoids produced by the cul-
tured basidiomes on the same plates.

DISCUSSION

These results indicate that production of
ergostane triterpenoids such as antcins C and
K, and zhankuic acids A, B and C is associ-
ated with the basidiomatal formation of 4.
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Fig. 2. HPLC chromatogram of the methanolic extract from natural fruiting bodies of
Antrodia cinnamomea. 1, Antcin C; 2, antcin K; 3, zhankuic acid A; 4, zhankuic acid B;

5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8, eburicoic acid; 9,
dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole. The purity of these
standards was higher than 98%. One milligram of each standard compound was dissolved
in 10 ml methanol as the injected sample. The injection volume was 20 pl.
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cinnamomea, since both natural basidiomes
grown on wood of C. kanehirai and cultured
basidiomes produced on PDA medium con-
tained the 5 detected ergostane triterpenoids,
but these were found in neither the natural nor

cultured mycelia (Table 1). The 4 detected
lanostane triterpenoids (sulphurenic acid,
dehydrosuphurenic acid, eburicoic acid, and
dehydroeburicoic acid) and 1 monophenyl
(4,7-dimethoxy-5-methyl-1,3-benzodioxole)
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Fig. 3. HPLC chromatogram of the methanolic extract from cultured fruiting bodies of
Antrodia cinnamomea (isolate TFRI B479). 1, Antcin C; 2, antcin K; 3, zhankuic acid A; 4,
zhankuic acid B; 5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8,
eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole.
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Fig. 4. HPLC chromatogram of the methanolic extract from natural mycelia of Antrodia
cinnamomea. 6, Sulphurenic acid; 7, dehydrosulphurenic acid; 8, eburicoic acid; 9,
dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxole.
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Fig. 5. HPLC chromatogram of the methanolic extract from agar-cultured mycelia of
Antrodia cinnamomea (isolate TFRI B479). 6, Sulphurenic acid; 7, dehydrosulphurenic acid;
8, eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxole.

Table 1. Comparison of 10 chemical components between mycelia and basidiomes of

Antrodia cinnamomea

Form of Antrodia cinnamomea

Chemical component”

2 3 4 5 6 7 8 9 10

Basidiomes from nature
Hsinchu County + + + + + + + + + +
Chiayi County + + + + + + + + + +
Kaohsiung County + + + + + + + + + +

Basidiomes from culture
TFRI B479 + + + + + + + + + +
TFRI B522 + + + + + + + + + +
Mycelia from nature - - - - - + + + + n

Myecelia from culture

Liquid culture TFRI B479 - - - - - + + + + +
TFRI B86 - - - - - + + + + +
Agar culture TFRI B479 - - - - - + + + + +
TFRI B86 - - - - - + + + + +

¥ 1, antcin C; 2, antcin K; 3, zhankuic acid A; 4, zhankuic acid B; 5, zhankuic acid C; 6, sulphurenic
acid; 7, dehydrosulphurenic acid; 8, eburicoic acid, 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-

5-methyl-1,3-benzodioxole.

were produced by basidiomes and mycelia of
A. cinnamomea regardless of the living sub-
strate. Because prices of basidiomatal prod-
ucts of A. cinnamomea are much higher than

those of myecelia, it is said that some manu-
facturers have used mycelia to substitute for
basidiomes. It is almost impossible to iden-
tify whether the commercial products of A4.



132 Chang et al.—Diferentiation of mycelia and basodiomes of Antrodia connamomea by certain compounds

cinnamomea are from mycelia or basidiomes
when the products are a dry powder or cap-
sulated/tableted. However, in this study, only
the basidiomes of A. cinnamomea produced
ergostane triterpenoids and not the mycelia,
so these results can be applied to commercial
quality checks of the fungal products.

In addition to 4. cinnamomea, basidi-
omes of A. salmonea, a congeneric species
of A. cinnamomea, also contained the 5 er-
gostane triterpenoids that have not been found
in any other fungi (Chen et al. 1995, Shen
et al. 2007). The monophenyl compound
(4,7-dimethoxy-5-methyl-1,3-benzodioxole)
was only found in A. cinnamomea, indicating
that it could be as an indicator component of
A. cinnamomea. However, the 4 lanostane
triterpenoids were found in other fungi except
for dehydrosulphurenic acid that was only
found in 4. cinnamomea and A. salmomea (Tai
et al. 1993, Yoshikawa et al. 2000). But it is
believed that dehydrosulphurenic acid should
be present in other fungi because its main
structure is the same as sulphurenic acid.

In this study, the production of the 10
detected components was not related to the
wood of C. kanehirai because they were pres-
ent in cultured mycelia and basidiomes grown
on substrates that contained no wood of C.
kanehirai. Five ergostanes (antcins C and K,
and zhanknic acids A, B, and C) isolated from
basidiomes exhibited anti-inflammatory activ-
ities in isolated peripheral human neutrophils
(Shen et al. 2004b). The ergostane antcin C,
and 3 lanostanes (sulphurenic acid, eburicoic
acid, and dehydroeburicoic acid) isolated
from basidiomes of 4. cinnamomea contribut-
ed to the immunomodulatory activity (Shen et
al. 2003). The ability of cultured basidiomes
and mycelia without the wood of C. kanehirai
to produce these bioactive compounds indi-
cates that artificial cultures of 4. cinnamomea
possess some effective compounds.

LITERATURE CITED

Chang TT, Chou WN. 1995. Antrodia cinna-
momea sp. nov. on Cinnamomum kanehirai in
Taiwan. Mycol Res 99:756-8.

Chang TT, Chou WN. 2004. Antrodia cinna-
momea reconsidered and A. salmonea sp. nov.
on Cunninghamia konishii in Taiwan. Bot Bull
Acad Sin 45:347-52.

Chang TT, Wang WR. 2005. Basidiomatal
formation of Antrodia cinnamomea on artifi-
cial agar media. Bot Bull Acad Sin 46:151-4.
Chang TT, Wang WR. 2008. The role of four
essential oils on mycelial growth and basidi-
omatal formation of Antrodia cinnamomea.
Taiwan J For Sci 23:105-10.

Chen CH, Yang SW, Shen YC. 1995. New
steroids from Antrodia cinnamomea. J Nat
Prod 58:1655-61.

Chen YJ, Chou CJ, Chang TT. 2009. Com-
pound MMHO1 possesses toxicity against
human leukemia and pancreatic cancer cells.
Toxicol In Vitro 23:418-24.

Chiang HC, Wu DP, Cherng IW, Ueng CH.
1995. A sesquiterpene lactone, phenyl and
biphenyl compounds from Antrodia cinnamo-
mea. Phytochemistry 39:613-6.

Lin JY, Wu TZ, Chou JC. 2006. In vitro
induction of fructing body in Antrodia cin-
namoea — a medicinally important fungus. Bot
Stud 47:267-72.

Shen CC, Kuo YC, Huang RL, Lin LC,
Don MJ, Chang TT, Chou CJ. 2003a. New
ergostane and lanostane from Antrodia cam-
phora. ] Chin Med 14:247-58.

Shen CC, Wang YH, Chang TT, Lin LC,
Don MJ, Hou YC, Liou KT, Wang WY,
Shen YC. 2007. Anti-inflammatory ergostanes
from the basidiomes of Antrodia salmonea.
Planta Med 73:1208-13.

Shen CC, Yang HC, Huang RL, Chen JC,
Chen CC. 2005. Anti-HBV principle from the
culture broth of Antrodia camphorata (strain #
CCRC-35396). J Chin Med 16:57-61.



Taiwan J For Sci 26(2): 125-33, 2011

Shen YC, Chen CF, Wang YH, Chang TT,
Chou CJ. 2003b. Evaluation of the immuno-
modulating activity of some active principles
isolated from the fruiting bodies of Antrodia
camphorate. Chin Pharm J 55:313-8.

Shen YC, Chou CJ, Wang YH, Chen CF,
Chou YC, Lu MK. 2004a. Anti-inflammatory
activity of the extracts from mycelia of Antro-
dia camphorata cultured with water-soluble
fractions from five different Cinnamomum spe-
cies. FEMS Microbiol Lett 231:137-43.

Shen YC, Wang YH, Chou YC, Chen CF,

133

Lin LC, Chang TT, Tien JH, Chou CJ.
2004b. Evaluation of the anti-inflammatory
activity of zhankuic acids isolated from the
fruiting bodies of Antrodia camphorata. Planta
Med 70:310-4.

Tai T, Akahori A, Shingu T. 1993. Triterpenes
of Poria cocos. Phytochemistry 32:1239-44.
Yoshikawa K, Matsumoto K, Mine C, Ban-
do S, Arihara S. 2000. Five lanostane triter-
penoids and 3 saponins from the fruit body of
Laetiporus versisporus. Chem Pharm Bull 48:
1418-21.



134



