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B

 

 

 

 (nobiletin)  (tangeretin)  
(Polymethoxylated Flavones PMF)

MTT assay  (AGS)
 (U87)  (H2981)  (MCF-7)  

(HepG2)  (Colo201) 
 (U937) 24 IC50 8.6 ± 0.6 g/mL
48 IC50 7.2 ± 2.0 g/mL 24 IC50 26.7 ± 0.9 

g/mL 48 IC50 14.3 ± 1.6 g/mL
ELISA kit

2.2.15 HBV M33
B

B
e

e  

B e  

                                                 
 

 
( ) 
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Michael Sporn 1976
 (cancer chemoprevention) (Sporn, 1976)

 (Tsao & Hong, 2004)

(Auyeung & Ko, 2009; Park et al., 2012)
B

Hepatitis B virus HBV B
 (acute hepatitis)  (chronic 

hepatitis)  (cirrhosis)
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)

B YMDD YIDD
YVDD

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

 (mutant type) B
 (Janmanchi et al., 2010)  

(Flavonoids)  (Manthey & 
Bendele, 2008)  (Nichols, Jackson, Manthey, Shukla & Holland, 2011
Assini , Mulvihill & Huff, 2013)  (Ren, Qiao, Wang, Zhu & Zhang, 2003
Park et al., 2012)  (nobiletin)  (tangeretin) 

 (Polymethoxylated Flavones PMF)  (Wu, 
Zhou, Tao & Li, 2006 Chen, Weng & Lin, 2007 Jang et al., 2013 Yoshigai et al., 
2013)  (Lee et al., 2010)  (Whitman, 
Kurowska, Manthey & Daugherty, 2005)  (Imada et al., 2008)

 (Ihara et al., 2012) B  (Shie, Huang & Lay, 2013) 
 (Yoshimizu et al., 2004 Miyata, Sato, Yano & Ito, 2004 Morley, Ferguson & 

Koropatnick, 2007 Moon, Cho, Ahn & Cho, 2013 Ma et al., 2013 Shi, Liao, Shih 
& Tsai, 2013) B  
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(Citrus madurensis Lour.) ( )
B

 (nobiletin)  (tangeretin) (Shie et al., 2013) B

B
30%PMF  

 

(I). 30%PMF HepG2 U937
Colo201 H2981 AGS MCF-7

U87  
1 30%PMF 

Sigma (USA) 30% PMF JC 
Nutraceutics Inc. (USA) 16% 14%

 
2  (Cell lines)  (Cell culture) 

HepG2 U937 Colo201
H2981 U87 AGS

MCF-7  ( )
BCRC 60436  BCRC 60436 MCF-7 10%  (fetal 

bovine serum, FBS) Minimum Essential Medium (MEM)  (Gibco 
Laboratories, Grand Island, NY) sodium bicarbonate AGS

10% Ham’s F-12K  (Sigma, USA) HepG2 H2981
Colo201 U87 U937 10% DMEM
 (Gibco Laboratories, Grand Island, NY, USA) 

100 I.U.  (penicillin) 100 g  (streptomycin) 2.5 g  
(amphotericin B) ( U937 ) 7

5% 37oC  2 3
 

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
30% PMF  (50 25 12.5 6.25 3.125 g/ml)

24 48 100 μL 25 μL 5 mg/mL MTT
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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 %  
4 ELISA assay  

96 well 2 × 104 5 % CO2 37  incubator
30% 

PMF  (50 25 12.5 g/ml) 24
lysis buffer 200 μl 30  (200 

× g, 5 ) 20 μL streptavidin coated micro-titer plate
80 μl immuno-reagent ( 20 ml immuno-reagent 1 ml
Anti-DNA-POD 1 ml Anti-histone-biotin 18 mL incubation buffer) 
200 rpm 2 incubation buffer
ABTS solution 100 μl 250 rpm 10 405 nm

 ( lysis buffer, immune-reagent, incubation buffer ABTS solution Cell 
Death Cell Detection ELISAPLUSkit [Roche, German] )  
5  

SIGMA  ± 
Student's t-test p <0.05  
(II). 30% PMF B  
1. (Cell lines) (Cell culture) 

B  (Human Hepatitis B Virus) 
2.2.15 (Sells, Chen & Acs, 1987) HepG2

 (transfection) HBV DNA (ayw) neomycin resistance
G418  (limiting dilution) 

2.2.15 HBV DNA  (integrated)
B  (HBsAg) e  

(HBeAg)  (42 nm Dane particles and 22 nm subviral particles)
 (lamivudine ; 3TC) 

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

 (limiting dilution) M33 (Janmanchi et al., 2010)
2.2.15 B M33 B

B
30% PMF

 
2.2.15 M33 10%  (fetal bovine serum, FBS)

DMEM  (Gibco Laboratories, Grand Island, NY) 5%
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37oC 2 3  
2.  (Huang et al., 1996) 

24 well 2.2.15 2 x105 M33 1.5 x105

30% PMF
 (25 12.5 6.25 3.125 1.5625 g/ml)

48  
3. B e  (Huang et al., 1996) 

 (Enzyme-Linked Immunosorbent Assay, 
ELISA) B B 
core/e [ ]

TMB
BioTek ELX800 ELISA reader 450 nm  

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

-  

-------------------------------------- x100%= (Inhibition %) 

 

20 35  (+) 35 50  
(++) 50 65  (+++) 65

 (++++)  
4.  

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

 

 

30%PMF  
HepG2 U937

Colo201 H2981 AGS MCF-7
U87 50 25 12.5 6.25

3.125 μg/mL 24 48  (MTT assay)
medium DMSO 0.25%  (solvent control)

1  (AGS)  (U87)  (H2981) 
1 ~ 4  (MCF-7)  (HepG2) 

 (Colo201)  (U937) 
24 IC50 8.6 ± 0.6 g/mL 48 IC50 7.2 ± 2.0 
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g/mL 24 IC50 26.7 ± 0.9 g/mL 48 IC50 14.3 ± 
1.6 g/mL 30% 
PMF 24 IC50 30.9 ± 2.3 g/mL 48 IC50 17.2 ± 2.0 g/mL

 
30%PMF

 
DNA

DNA 180 ~ 200 bp
DNA 

MTT
5 ELISA kit apoptotic 

cell
30%PMF

0.25% DMSO O.D 0.34 ± 0.02
0.25% DMSO  

 

30% PMF B  

24  (2 x 105 cells/1 ml medium
1.5 x 105 cells/1 ml medium) 30% PMF DMSO
DMSO 2.5 l/ml solvent control  
1.  

(A). B  (2.2.15 cell line) [  2 6]  
 (25 12.5 6.25 3.125 1.5625 g/ml) 

12.5 25 g/ml  (++) 
36.1  2.4 44.6  1.3 e  

(B).  (M33 cell line) [  3 7]  
 (25 12.5 6.25 3.125 1.5625 g/ml) 

6.25 g/ml  (+) 28.0 
 1.1 12.5 g/ml  (++) 

41.5  1.8 25 g/ml  (++++) 
65.2  1.0
e  

2.  
(A). B  (2.2.15 cell line) [  2 8]  

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

28.9  2.0 46.9  2.3 e  
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(B).  (M33 cell line) [  3 9]  
 (25 12.5 6.25 3.125 1.5625 g/ml) 

12.5 25 g/ml  (++)  (+++) 
39.3  1.0 58.5  0.4 e  

3. 30%PMF 
(A). B  (2.2.15 cell line) [  2 10]  

 (25 12.5 6.25 3.125 1.5625 g/ml) 
25 g/ml  (+) 29.0 

 3.2 e  
(B).  (M33 cell line) [  3 11]  

 (25 12.5 6.25 3.125 1.5625 g/ml) 
25 g/ml  (+) 27.1 

 1.8 e  
4. Osthole  (Huang et al., 1996) Osthole

80 M HBV  (++) 
49.7  0.8  

(+++) 56.4  1.9 e  [  2  3]  
5. DMSO solvent control 2.5 l/ml HBV

e  
[  2  3]  

 

 (nobiletin)  
(tangeretin) MTT

 (AGS)  (U87)  (H2981)  
(MCF-7)  (HepG2)  (Colo201) 

 (U937) 
 (nobiletin)  (tangeretin)  

(apoptosis) DNA
 (nucleosome) DNA ELISA kit

 (nobiletin)  (tangeretin) 30% PMF
HepG2 MCF-7 Colo201

U937

30%PMF  
B  (HBsAg)  (virus 

envelope)
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 (post translational modification) e
DNA

 (lumen)  (secretory vesicle)  (Delius, Gough, 
Cameron, & Murray, 1983 Huang et al., 1996)  (nobiletin)  
(tangeretin) 30% PMF B

B
30%PMF e
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 1  
Inhibition Concentration Fifty (IC50) of Nobiletin, Tangeretin and 30%PMF in 
Seven kinds of Tumor Cell Lines. 

Inhibition Concentration Fifty (IC50) ( g/ml)

Tumor cells 
Treatments 

HepG2 

 
U937 

Colo201 H2981 
 

AGS 
MCF-7  

U87 
24

 
 

 > 50 8.6±0.6 16.8±1.3 > 50 > 50 44.9±1.8 > 50 
 > 50 26.7±0.9 47.8±2.5 > 50 > 50 > 50 > 50 

30%PMF > 50 30.9±2.3 48.1±1.9 > 50 > 50 > 50 > 50 
48

 
 

 47.8±1.5 7.2±2.0 > 50 > 50 > 50 > 50 > 50 

 > 50 14.3±1.6 > 50 > 50 > 50 > 50 > 50 
30%PMF > 50 17.2±2.0 > 50 > 50 > 50 > 50 > 50 
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 2   
HBsAg, HBeAg and MTT of Nobiletin, Tangeretin and 30%PMF in Wild-Type 
HBV Cell Line (2.2.15). 

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 2.2  0.2 -3.3  2.1 2.5  0.8

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) 

44.6  1.3

36.1  2.4

17.2  2.3

14.3  1.8

4.8  0.3

0.7  1.4

3.0  1.1

0.2  2.5

-3.4  2.2

6.1  3.2

3.3  2.2

4.5  0.4

9.5  2.5

7.0  5.7

-4.6  2.3

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) 

46.9  2.3

28.9  2.0

15.2  2.0

8.7  0.3

4.7  0.9

-2.2  2.9

1.3  1.6

2.1  2.6

-2.8  2.3

4.3  4.0

4.4  2.7

5.4  3.0

5.0  2.9

3.0  2.2

-3.2  1.5

30%PMF 

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) 

29.0  3.2

13.3  2.6

5.4  1.3

0.7  1.1

-1.1  1.0

-5.8  1.0

0.2  1.5

-1.9  1.0

-4.0  2.8

-1.6  1.0

0.8  2.2

2.4  3.5

5.3  2.8

-3.1  4.3

-1.9  2.4

Osthole 

 (From ) 

80 M 49.7  0.8 -2.5  1.1 4.0  1.6

Values are based on one experiment performed in triplicate. 

 
(Inhibition percentage) 20% - 35% (+) 

35% - 50% (++) 
50% - 65% (+++) 

 65% (++++) 
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 3   
HBsAg, HBeAg and MTT of Nobiletin, Tangeretin and 30%PMF 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 0.8  4.5 1.7  1.2 -2.3  2.9 

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)

65.2  1.0

41.5  1.8  

28.0  1.1  

6.2  3.0 

5.4  2.9 

-4.7  0.3 

-3.5  0.4 

-1.7  0.4 

2.4  0.1 

5.2  2.3 

19.9  1.1 

14.8  1.0 

8.8  1.7 

4.5  3.1 

0.9  4.5 

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)

58.5  0.4  

39.3  1.0  

19.9  5.9 

-3.6  1.8 

-2.0  2.7 

-5.0  1.6 

-2.4  0.8 

-0.4  2.7 

2.1  1.0 

3.5  0.9 

11.8  1.2 

14.1  2.9 

4.8  4.1 

-3.8  4.3 

-6.6  2.3 

30%PMF 

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)

27.1  1.8  

10.0  2.9 

-1.1  5.0 

-13.3  3.0 

-3.3  2.3 

-1.9  1.0 

2.2  1.5 

4.8  0.4 

0.2  3.6 

2.8  5.4 

8.0  2.3 

8.7  3.2 

2.6  2.1 

-0.1  2.0 

-2.1  2.1 

Osthole 

(From ) 

80 M 56.4  1.9  0.5  3.6 2.2  2.3 

Values are based on one experiment performed in triplicate. 

 
(Inhibition percentage) 20% - 35% (+) 

35% - 50% (++) 
50% - 65% (+++) 

 65% (++++) 
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1 HepG2 30% PMF 5 3
24 48 MTT 1a 24 1b

48 ± *p < 0.05 
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2 U937 30% PMF 5 3
24 48 MTT 2a 24 2b

48 ± *p < 0.05 
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3 Colo201  30% PMF 5
3 24 48 MTT 3a 24

3b 48 ± *p < 0.05 
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4 MCF-7  30% PMF 5 3
24 48 MTT 4a 24 4b

48 ± *p < 0.05 
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5(d)

 
 

5 ELISA kit  30% PMF 3 3
24 (a) HepG2 (b)

MCF-7 (c) Colo201 (d) 
U937  Each value is mean ± S.E. of three 

replicate analyses. * represents significant difference as compared with control 
(P 0.05). 
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a

b

c

6 MTT assay ELISA 5 3 48 2.2.15
(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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a
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c

7 MTT assay ELISA 5 3 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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a

b

c

8 MTT assay ELISA 5 3 48 2.2.15
(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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c

9 MTT assay ELISA 5 3 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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(a) 

b

c

10 MTT assay ELISA 30% PMF5 3 48
2.2.15 (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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a
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c

11 MTT assay ELISA 30% PMF5 3 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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The Inhibition Effects of Nobiletin and Tangeretin  

on Seven Kinds of Tumor Cells and Hepatitis B Surface 

Antigen 

Hsun-Wong Hsu , Chin-Chuan Chen , Ray-Ling Huang  

Abstract 

Nobiletin and tangeretin are two pure compounds belonging to Polymethoxylated 
Flavones, PMF, with many bioactivities. The goal of this study is to explore their 
anti-tumor effects on 7 kinds of tumor cells (i.e., hepatoma, breast cancer, lung cancer, 
gastric cancer, colon cancer, brain cancer and leukemia). MTT assay data showed that 
nobiletin and tangeretin have no effects on gastric cancer cells (AGS), brain cancer 
cells (U87) or lung cancer cells (H2981); slight inhibition on brest cancer cells 
(MCF-7) and hepatoma cancer cells (HepG2), intermediate effect on  colon cancer 
cells (Colo201); but showed strong inhibition on leukemia cell line (U937) (i.e., IC50 
= 8.6 ± 0.6 g/mL at 24 hours and IC50 = 7.2 ± 2.0 g/mL at 48 hours for nobiletin; 
IC50 = 26.7 ± 0.9 g/mL at 24 hours and IC50 = 14.3 ± 1.6 g/mL at 48 hours for 
tangeretin) in a time and concentration-dependent manner. Moreover, by analyzing the 
DNA apoptosis with ELISA method, we found that both nobiletin and tangeretin 
indeed induced apoptosis on HepG2, MCF-7, Colo201 and U937 cells. Moreover, the 
leukemia cell line (U937) which shows the most cytotoxicity effects also depicts the 
most apoptosis intensity as induced by nobiletin and tangeretin. Finally, by using 
wild-type hepatitis B virus producing cell line (2.2.15) and lamivudine-resistant 
mutant virus producing cell line (M33) to evaluate the anti-HBV effects of nobiletin 
and tangeretin under doses with non-cytotoxicity to both cell lines, both nobiletin and 
tangeretin have significantly reduced the HBsAg secretion, albeit no effects to e 
antigen secretion. 
Key words: Nobiletin, Tangeretin, Apoptosis, Human Hepatitis B virus, HbsAg, E 

antigen 
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