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B e

B
B

300
(lamivudine; 3TC)

(Enzyme-Linked Immunosorbent
Assay) B

e
95%

AN-L-EA AN-L-W AN-M-EA AN-M-W
AN-M-EA B AN-M-EA
ACEA M37 ACEA M41 ACEA M43 ACEA M53 ACEA M55 ACEA M65
ACEA M69 ACEA M74 ACEA M78 ACEA M84
(4-acetylantroquinonol B) ACEA M55 ACEA M65
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B
(Hepatitis B virus HBV) B

(Hepadnaviridae) DNA
B (Bader & Korba, 2010) B

(Zhang, Zhong & Guo, 2013 Song et al., 2013) B
300

(lamivudine 3TC) B
(Dienstag et al., 1995 Honkoop, Niesters, 

deMan, Osterhaus & Schalm, 1997) (Allen et al., 1998;
Lai et al., 1998; Feld & Locarnini, 2002; Perrillo, 2005)

Adefovir Entecavir Telbivadine
HBsAg

B B
B YMDD YIDD

YVDD
(Tipples et al., 1996; Ling et al., 1996; Honkoop et al., 1997)

(hepatocellular carcinoma; HCC)
(Antrodia cinnamomea)

(Cinnamomum 
kanehirae)

B
(Geethangili and Tzeng, 2011; Huang, Huang, Chen, 

Chang & Chou, 2003; Lee et al., 2002)

B e
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(Cell lines) (Cell culture)
B (Human Hepatitis B Virus)

MS-G2 HepG2 (transfection)
HBV DNA (ayw) neomycin resistance G418

(limiting dilution) MS-G2 (Sureau, Romet-Lemonne, 
Mullins, & Essex. 1986; Huang et al., 1996) HBV DNA

(integrated) B
(HBsAg) e (HBeAg) (42 nm Dane particles and 22 

nm subviral particles)
lamivudine (mutant type)

HepG2 (transfection) YMDD HBV 
DNA (ayw) hygromycin resistance hygromycin

(limiting dilution) M33 B
(Janmanchi et al., 2010) MS-G2 B

M33 B
B

P2
MS-G2 M33 10% (fetal bovine serum;

FBS) DMEM (Gibco Laboratories, Grand Island, NY) 5%
37oC 2 3

MTT assay
MTT(3-(4,5-dimethylthiazol-zyl-)-2,5-di-phenyltetrazolium bromide)

(succinate 
dehydrogenase) formazan
96 well (petri-dish) 2×104 5% CO2 37 incubator

(200
100 50 25 12.5 L) 48
100 µL 25 µL 5 mg/mL MTT MTT 1 mg/mL

5% CO2 37 incubator 4 100 µL 100% DMSO
5 540 nm

Cell 
viability (%)

Cell viability (%) = [OD540(sample) / OD540(control)] × 100 % 
80% (cytotoxic)
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24 well Ms-G2 2×105 M33 1.5×105

48

B e
(Enzyme-Linked Immunosorbent Assay;

ELISA) B B
core/e [ ]

TMB
BioTek ELX800 ELISA reader 450 nm

(O.D. value) 100
(Inhibition %)

-
-------------------------------------- ×100%= (Inhibition %)

(+)
(++) (+++) 65

(++++)

+ (mean + standard error of mean) 
Student’s t-test p <0.05

95% 

( ) ( 1)
( ) 95% ( 2)

A.
95%

(1:1)
partition

(AN-M-EA) (AN-M-W)
B.

95%
(1:1)

partition
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(AN-L-EA) (AN-L-W)
AN-L-EA AN-L-W AN-M-EA AN-M-W B

1 AN-L-EA 200 g/mL MS-G2 cell line
100 50 25 12.5 6.25 g/mL 100 g/mL

(++) 36.3 2.6 e
AN-L-W (200 100 50 25 12.5 g/mL)

200 g/mL (++) 37.6
6.4 e AN-M-EA 200 100 50 g/mL MS-G2 cell line

25 12.5 6.25 3.125 1.5625 g/mL
3.125 6.25 12.5 25 g/mL (+)

(++++) 26.9 3.7 56.5 0.2 68.1 2.2 71.1
2.0 e AN-M-W (200 100 50 25 12.5 
g/mL) 100 200 g/mL (+)

(++) 22.5 0.8 44.1 3.2 e
Osthole Osthole 80 M

HBV (+++) 50.4 2.6 e

AN-L-EA AN-L-W AN-M-EA AN-M-W B

2 AN-L-EA 100 200 g/mL M33 cell line 50
25 12.5 g/mL 50 g/mL (+)

28.1 0.9 e AN-L-W
(200 100 50 25 12.5 g/mL) 50 100 200 g/mL

(+) (++) 26.3 0.2
35.5 1.4 43.8 2.1 e AN-M-EA 200 100 50 25 12.5

6.25 g/mL 1.5625 3.125 g/ml
(+) 24.6 1.4 33.1 2.5 e
AN-M-W (200 100 50 25 12.5 g/mL) 50 100

200 g/mL (+) (+++)
22.5 3.1 41.5 0.7 51.4 5.3 e Osthole

80 M (+++)
51.0 3.3 e

ACEA M55 ACEA M65 4-acetylantroquinonol B B
B AN-M-EA

ACEA M37 ACEA M41 ACEA M43 ACEA M53 ACEA M55 ACEA M65
ACEA M69 ACEA M74 ACEA M78 ACEA M84 (

4-acetylantroquinonol B)( 3) ACEA M55 ACEA M65
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4-acetylantroquinonol B B

( ) ACEA M55
A. B (MS-G2 cell line) [ 3 4]

(25 12.5 6.25 3.125 g/mL) 25 12.5 g/mL
3.125 6.25 g/mL (+) (+++)

24.9 1.7 51.8 2.8 6.25 g/mL e
(+) 34.7 1.6

B. (M33 cell line) [ 4 5]
(200 100 50 25 12.5 6.25 3.125 g/mL) 200 100

50 25 g/ml 3.125 6.25 12.5 g/mL
(+) (++) 23.7 1.9

33.1 5.1 47.3 1.7 6.25 12.5 g/mL e (+) (++)
33.4 0.3 42.1 5.3

( ) ACEA M65
A. B (MS-G2 cell line) [ 3 6]

(50 25 12.5 6.25 3.125 g/mL) 50 25 12.5 g/mL
3.125 6.25 g/mL (+)

(++) 23.4 1.9 37.7 2.7 6.25 g/mL
e (+) 22.5 3.0

B. (M33 cell line) [ 4 7]
(200 100 50 25 12.5 g/mL) 200 100 g/mL

12.5 25 50 g/mL (++)
(+++) 47.6 0.8 48.9 0.5 50.6 0.8

e (+) (++) 28.2 6.2
37.9 0.2 48.0 1.4

( ) 4-acetylantroquinonol B
A. B (MS-G2 cell line) [ 3 8]

(3.125 1.5625 0.78125 g/mL) 3.125 1.5625 g/mL
0.78125 g/mL (+++)

61.3 1.8 e (++)
49.2 2.2

B. (M33 cell line) [ 4 9]
(100 50 25 12.5 6.25 3.125 1.5625 0.78125 g/mL)

100 50 25 12.5 6.25 g/mL 0.78125 1.5625 3.125
g/mL (+) (+++)

24.8 0.8 35.7 1.0 56.6 1.5 1.5625 3.125 g/mL e
(+) (++) 28.1 0.9 45.1
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2.0
Osthole

Osthole 80 M HBV (+++)
52.0 1.7 (+++)
50.8 1.5 e

DMSO solvent control
0.25% DMSO HBV e

B (Human Hepatitis B Virus; HBV)
(Rehermann & Nascimbeni; 2005) (Woodchuck 
Hepatitis Virus; WHV) (Menne & Cote, 2007)
Ground Squirrel Hepatitis Virus (GSHV) B (Duck 
Hepatitis Virus; DHV) (Liu et al., 2014; Souza, Drexler, de Lima, do Rosário, Netto,
2014) B

B DNA
(In Vitro Cell-Based Model)

MTT

B e ACEA M55 ACEA M65
4-acetylantroquinonol B 4-acetylantroquinonol B 0.78125 

L MS-G2 cell line (+++)
61.3 ± 1.8% e (++) 49.2

2.2 4-acetylantroquinonol B 0.78125 1.5625 L M33 
cell line (+) (+++)

24.8 ± 0.8 35.7 ± 1.0 56.6 ± 1.5% 1.5625 L e
(+) (++) 28.1 ± 0.9 45.1 ± 2.0%

B (MS-G2 M33 cell line)
( ) (+++) e

(4-acetylantroquinonol B)
(+++) e (++) B

B
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1
Anti-HBsAg and Anti-HBeAg Effects of AN-L-EA, AN-L-W, AN-M-EA,
AN-M-W in Wild-Type HBV Cell Line (MS-G2).

Treatments
for 48 h

g/mL HBsAg
(Inhibition %)
Mean S. E.

HBeAg
(Inhibition %)
Mean S. E.

MTT assay
(Inhibition %)
Mean S. E.

Control 0 0 0 0
DMSO 2.5 L/mL 1.9 1.0 2.3 2.8 -2.6 1.5

AN-L-EA 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

6.25 g/mL (6.25 ppm)

cytotoxic 23.9 3.4
1.1 2.2
-2.6 1.5
4.3 4.7
5.0 3.3
0.3 1.8

36.3 2.6
10.2 3.3

7.9 3.3
4.6 0.7

-3.5 2.6

12.2 3.0
9.8 2.6

10.9 1.7
11.2 3.2
9.5 1.3

AN-L-W 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

37.6 6.4
14.4 4.1
10.6 1.2
5.5 2.4
2.7 1.6

9.7 2.4
6.5 3.3
9.0 2.8
2.8 1.9
0.9 2.5

11.7 2.5
7.0 2.1
6.1 3.4
4.0 2.7
-1.9 1.1

AN-M-EA 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

cytotoxic
cytotoxic
cytotoxic

49.5 2.9
30.2 3.2
21.4 2.7
16.5 0.5
13.1 1.3
4.0 1.1
3.6 3.7
9.2 3.1

71.1 2.0
68.1 2.2
56.5 0.2
26.9 3.7
11.5 2.5

11.5 1.1
10.3 1.8

8.8 1.6
6.9 3.1
4.7 1.9

AN-M-W 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm))

44.1 3.2
22.5 0.8
14.0 2.4
8.1 3.0
2.3 2.7

12.9 2.8
9.3 3.1

10.2 1.6
3.7 0.8

-1.2 2.2

9.6 1.5
8.0 3.0
8.1 4.1

12.8 6.0
8.9 4.9

Osthole
(From )

80 M 50.4 2.6 16.7 2.1 -8.3 0.9

Values are based on one experiment performed in triplicate.
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2
Anti-HBsAg and Anti-HBeAg Effects of AN-L-EA, AN-L-W, AN-M-EA ,
AN-M-W in Lamivudine- Resistant HBV Mutant Cell Line (M33).

Treatments
for 48 h

g/mL HBsAg
(Inhibition %)
Mean S. E.

HBeAg
(Inhibition %)
Mean S. E.

MTT assay
(Inhibition %)
Mean S. E.

Control 0 0 0 0
DMSO 2.5 L/mL 5.4 2.8 -0.8 2.4 -1.7 1.3

AN-L-EA 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

cytotoxic
cytotoxic

30.6 0.4
23.2 0.3
18.4 0.8
16.2 3.7
7.0 3.4

28.1 0.9
14.5 6.4
-3.7 7.9

2.1 4.1
0.1 1.9
-9.6 4.7

AN-L-W 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

43.8 2.1
35.5 1.4
26.3 0.2
7.1 2.6
4.0 1.3

10.9 2.5
6.4 4.9
5.5 0.2
2.4 2.9
1.7 3.0

14.6 2.3
15.3 1.8
12.9 2.1
9.4 1.4
2.7 1.5

AN-M-EA 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

cytotoxic
cytotoxic
cytotoxic
cytotoxic
cytotoxic
cytotoxic

40.4 1.8
32.5 0.4
29.2 0.8
27.6 1.6
25.4 0.4
21.6 2.3
6.7 2.0 
3.5 1.8

33.1 2.5
24.6 1.4

11.0 1.1
4.4 2.2

AN-M-W 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm))

51.4 5.3
41.5 0.7
22.5 3.1
6.6 3.5
2.9 0.8

13.6 2.0
0.9 4.8
-0.5 3.3
2.6 1.5
-4.3 3.2

14.3 1.7
10.3 1.7

6.5 1.9
4.2 1.0
-2.1 0.5

Osthole
(From )

80 M 51.0 3.3 14.0 1.8 -2.5 2.7

Values are based on one experiment performed in triplicate.
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3
Anti-HBsAg and Anti-HBeAg Effects of ACEA M55, ACEA M65 and
4-acetylantroquinonol B in Wild-Type HBV Cell Line (MS-G2).

Treatments
for 48 h

g/mL HBsAg
(Inhibition %)
Mean S. E.

HBeAg
(Inhibition %)
Mean S. E.

MTT assay
(Inhibition %)
Mean S. E.

Control 0 0 0 0
DMSO 2.5 L/mL 0.9 1.6 3.3 2.5 -2.9 1.1

ACEA M55 25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm))

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

cytotoxic
cytotoxic

29.0 1.8
27.7 1.7
19.0 1.4
4.2 2.1 
2.7 2.4

51.8 2.8
24.9 1.7

9.3 1.5

34.7 1.6
15.9 2.3
4.6 3.1

ACEA M65 50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

cytotoxic
cytotoxic
cytotoxic

36.5 1.5
29.7 3.0
21.5 1.6
7.5 1.8
4.3 2.6
0.9 1.7

37.7 2.7
23.4 1.9
10.2 2.9

22.5 1.5
13.7 0.8
0.8 1.1

4-acetylant
roquinonol 

B

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

0.78125 g/mL (0.78125 ppm)

cytotoxic
cytotoxic

33.9 1.0
30.0 3.9
12.5 1.961.3 1.8 49.2 2.2

Osthole
(From )

80 M 52.0 1.7 14.2 1.8 -13.7 0.8

Values are based on one experiment performed in triplicate.
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4
Anti-HBsAg and Anti-HBeAg Effects of ACEA M55, ACEA M65 and 
4-acetylantroquinonol B in Lamivudine- Resistant HBV Mutant Cell Line (M33).

Treatments
for 48 h

g/mL HBsAg
(Inhibition %)
Mean S. E.

HBeAg
(Inhibition %)
Mean S. E.

MTT assay
(Inhibition %)
Mean S. E.

Control 0 0 0 0
DMSO 2.5 L/mL 3.2 1.9 -0.5 2.4 -0.6 1.0

ACEA M55 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm))

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

cytotoxic
cytotoxic
cytotoxic
cytotoxic

95.5 2.9
89.3 3.3
27.1 3.0
22.7 2.1
15.1 1.2
14.1 0.2
11.2 1.8

47.3 1.7
33.1 5.1
23.7 1.9

42.1 5.3
33.4 0.3

9.8 5.3
ACEA M65 200 g/mL (200 ppm)

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm))

cytotoxic
cytotoxic

76.4 1.8
33.7 4.1
15.7 1.3
17.9 0.8
13.5 1.9

50.6 0.8
48.9 0.5
47.6 0.8

48.0 1.4
37.9 0.2
28.2 6.2

4-acetylant
roquinonol 

B

100 g/mL (100 ppm)

50 g/mL (50 ppm)

25 g/mL (25 ppm)

12.5 g/mL (12.5 ppm)

6.25 g/mL (6.25 ppm)

3.125 g/mL (3.125 ppm)

1.5625 g/mL (1.5625 ppm)

0.78125 g/mL (0.78125 ppm)

cytotoxic
cytotoxic
cytotoxic
cytotoxic
cytotoxic

94.1 2.0
63.6 1.1
41.8 3.5
36.7 2.8
22.5 3.9
19.9 0.6
15.8 1.0
10.1 1.6

56.6 1.5
35.7 1.0
24.8 0.8

45.1 2.0
28.1 0.9
-3.7 7.9

Osthole
(From )

80 M 50.8 1.5 12.8 0.6 -0.3 2.8

Values are based on one experiment performed in triplicate.
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Antrodia cinnamomea

Inoculated to 2L flask 30 100 rp 8-10 day

Inoculated to 200L ferementor 30 50 rpm 0.5 vvm 3-5 day

Inoculated to 200L ferementor 30 30 rpm 0.5 vvm 8-10 day

Centrifuged 7400 rpm

mycelium broth

Concentration by ultra filtration 3000 MW
                       Freeze dried

-40 4hr 30 72hr

mycelium of Antrodia cinnamomea

1
( )
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mycelium of Antrodia cinnamomea

crude extract
partitioned with EtOAc/ H2O (1: 1)

EtOAc layer H2O layer

n-hexane layer

Partitioned with n-hexane/75% MeOH 1:1

extracted with 95% EtOH

aqueous layer

Silica gel column gradient eluted with
n-hexane/EtOAc/MeOH

Silica gel column gradient eluted with
n-hexane/EtOAc

Aq. fractionsn-hexane fractions

further chromatographed by reverse phase HPLC-DAD and checked structures by NMR and LC/MS/MS

scheme 1. isolation of Antrodia cinnamomea (mycelium)

2 95% (
)

O

O
O

O

O
O

O

MW: 462
.

3 4-acetyl-antroqinonol B (Lin et al., 2010)
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4 MTT assay ELISA ACEA M55 48 MS-G2 (a)
MTT (b) (c) e Each 

value is mean ± S.E. of three replicate analyses. * represents significant 
difference as compared with control (P 0.05).
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5 MTT assay ELISA ACEA M55 48 M33 (a)
MTT (b) (c) e Each 
value is mean ± S.E. of three replicate analyses. * represents significant 
difference as compared with control (P 0.05).
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6 MTT assay ELISA ACEA M65 48 MS-G2 (a)
MTT (b) (c) e Each 

value is mean ± S.E. of three replicate analyses. * represents significant 
difference as compared with control (P 0.05).
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7 MTT assay ELISA ACEA M65 48 M33 (a)
MTT (b) (c) e Each 
value is mean ± S.E. of three replicate analyses. * represents significant 
difference as compared with control (P 0.05).
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8 MTT assay ELISA 4-acetyl-antroqinonol B 48 MS-G2
(a) MTT (b) (c) e
Each value is mean ± S.E. of three replicate analyses. * represents 

significant difference as compared with control (P 0.05).
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9 MTT assay ELISA 4-acetyl-antroqinonol B 48 M33
(a) MTT (b) (c) e
Each value is mean ± S.E. of three replicate analyses. * represents 

significant difference as compared with control (P 0.05).
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Inhibition of HBsAg and HBeAg Activities from 

Fermentation Products & Its Effective Compounds of 

Antrodia cinnamomea by NEW BELLUS ENTERPRISES

Chun-Chih Huang , Chih-Chieh Chen , Lih-Geeng Chen , Ray-Ling 

Huang

Abstract

Viral Hepatitis B is known to be a major cause of acute and chronic hepatitis. 
Chronic infection has been identified as a precursor for cirrhosis and hepatocellular 
carcinoma (HCC). Despite the availability of effective preventive vaccine for HBV in 
recent years, there are still 300 million existing chronic HBV carriers that urgently 
need therapy. Although lamivudine (also called 3TC), a cytosine nucleoside analogue, 
is very effective in therapeutic treatment of hepatitis B, HBV can mutate and develop 
resistance to the drug after long-term administration. In this paper, the in vitro cell 
culture model was used to investigate the inhibition of HBsAg and HBeAg activities
from the fermentation products of Antrodia cinnamomea manufactured by NEW 
BELLUS ENTERPRISES as well as the isolation and detection of its effective 
compounds. The expression of HBsAg and HBeAg was detected by Enzyme-Linked 
Immunosorbent Assay system. Through 95% methanol extracts from a large 
fermentation culture of Antrodia cinnamomea (manufactured by NEW BELLUS 
ENTERPRISES), we obtained 4 crude extracts, AN-L-EA, AN-L-W, AN-M-EA, and 
AN-M-W. Among them, AN-M-EA shows very significant inhibition of HBsAg 
activities. By further extraction from AN-M-EA, we obtained ACEA M37, ACEA 
M41, ACEA M43, ACEA M53, ACEA M55, ACEA M65, ACEA M69, ACEA M74, 
ACEA M78, ACEA M84 and a pure compound (4-acetylantroquinonol B). Our 
experimental results from anti-viral test show that ACEA M55, ACEA M65 and 
4-acetylantroquinonol B all depict significant inhibition of HBsAg and HBeAg
activities for both wild-type and lamivudine-resistant mutations.

Key words: human hepatitis B virus, HBsAg, HBeAg, Antrodia cinnamomea, 
fermentation products.
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