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Td-F2 Hep3B

 

 

 

Tithonia diversifolia (Hemsl.) A. Gary  (Compositae) 

Td-F2
HepG2(Wild-type p53)

Hep3B(P53 deletion) MTT assay
Td-F2 24 IC50 15.9 

μg/mL 48 IC50 6.3 μg/mL DNA
ELISA kit DNA

sub-G1
Td-F2 Hep3B
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(Hepatocellular carcinoma, HCC)

( : )
( : )

: ( )
( : )

( 2008)

(Pang et al., 2006)
(cancer 

chemoprevention agent)  

 ( Dorai et al., 2004)
DNA

( : )

( : , camptothecin) 1972 Kerr
(Kerr et al., 1972)

( : )
(cell shrinkage) (membrane 

blebbing) (chromatin condensation) (nuclear 
collapse) (apoptoic body)

(Fadeel et al., 2003)
(phosphatidyl serine, PS)

(Janicke, et al. ,1998) DNA
(DNA fragmentation) (agarose gel)

180~200 base pair (Park, et al. ,1997; Nagata, S et 
al.,2000)  

Tithonia diversifolia (Hemsl.) A. Gary
(Compositae)
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B
(Tona, et al., 1998) (Chiu, et al., 1992)

(Lin, et al., 1993; Owoyele, et al., 2004)
(Cos, et al., 2002; Chiang, et al., 2004) (Herrera, et al., 2007; 

Oyewole, et al., 2008) (Miura, et al., 2005)
:

HL-60 Col2 HepG2 (Kuo, et al., 1997; Wu, et al., 
2001; Kuroda, et al., 2007; Gu et al., 2002)  

(Drug resistant gene)
(Choi et al., 2005) DNA

p53  P53
(King and Cidlowski ,1998) P53

(Lowe et al., 1993)
Hep3B

B (HBsAg) P53
(P53 deletion)(Puisieux et al., 1993) (Knowles et al., 

1980)
Td-F2 Hep3B(P53 deletion)

(Apoptosis)  
(Terpenoids)

(flavonoid)
: HL-60 Col2

HepG2 (Kuo, et al., 1997; Wu, et al., 2001; Kuroda, et al., 2007; Gu et al., 2002)  
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 Compound 

Acetyltagitinin E 

Tagitinin-F 

Tagitinin C 

2 -hydroxytirotundin 

Tithofolinolide 

3 -acetoxydiversifolol 

3 -acetoxy-8 -isobutyryloxyreynosin 

1 ,2 epoxytagitinin C 

4 ,10 -dihydroxy-3-oxo-8 -isobutyryloxyguaia-11(13)-en-12,6 -olide 

3 -acetoxy-4 -hydroxy-11(13)-eudesmen-12-oic acid methyl ester 

17,20-dihydroxygeranylnerol 

Tagitinin A 

Tirotundin 

Tirotundin 3-O-methyl ether 

1 -hydroxytirotundin 3-O-methyl ether 

Deacetylviguiestin 

1 -methoxydiversifolin 

1 -methoxydiversifolin 3-O-methyl ether 

1 -hydroxydiversifolin 3-O-methyl ether 

4 ,10 -dihydroxy-3-oxo-8 -isobutyroyloxyguaia-11(13)-en-6,12-olide 

4 ,10 -dihydroxy-3-oxo-8 -isobutyroyloxyguaia-11(13)-en-6,12-olide 

1,3-dihydroxy-3,10-epoxy-8-(-2-methylpropanoyloxy)-germacra-11(13)-ene-6,12-olide (1) 

1,3-dihydroxy-3,10-epoxy-8-(2-methylpropanoyloxy)-germacra-4,11(13)-diene-6,12-olide (2) 

1,3-dimethoxy-3,10-epoxy-8-(2-methylpropanoyloxy)-germacra-4,11(13)-diene-6,12-olide (3) 

1-hydroxy-3-methoxy-3,10-epoxy-8-(2-methylpropanoyloxy)-germacra-4,11(13)-diene-6,12-olide (4) 

1-acetyltagitinin A 

8 -isobutyryloxycumambranolide 

Methy 4 -hydroxy-11(13)-eudesmen-12-oate 

Terpenoids 

Diversifolol 

Luteolin 

Nepetin 

flavonoids 

Hispidulin 

(Kuo, et al., 1997; Kuo, et al., 1998; Wu, et al., 2001; Gu, J. Q, et al., 2002; Kuroda, 
et al., 2007; Herrera, et al., 2007; Ragasa, C, et al., 2008) 
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( ) 15 kg 13.5 kg

100 L 3 8
42 

(silica gel) (hexane) (ethyl acetate)
(methanol) 6 fraction(Td-F1 Td-F2 Td-F3

Td-F4 Td-F5 Td-F6)( ) -20
DMSO

DMSO 0.25%
Td-F2 HepG2(Wild-type p53)

 ( )  
Hep3B 10% (fetal bovine serum, FBS)  DMEM

100 I.U.  (penicillin) 100μg
(streptomycin) 2.5μg  (fungizone) 2 mM (L-glutamine) 100μM

(non-essential amino acid 14.7μg glutamic acid, 7.5μg 
glycine, 8.9μg alanine, 13.3μg aspartic acid, 11.5μg proline, 15μg asparagine
10.5mg serine) 5% CO2 37   

 ( )  
24 well (petri-dish) 3  105 5% CO2

37  incubator (12.5 6.25
3.125μg/mL) 24

 
 ( )  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 (100 50 25
12.5 6.25 3.125 μg/mL) 24 48

100μl 25μL 5 mg/mL MTT 5% CO2

37  incubator 4 100μL  DMSO 5
540nm

Cell viability(%)  
 
Cell viability(%)=[OD540(sample) / OD540(control)] 100% 
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( )  
DNA G0/G1 (2N) S (2N~4N) G2/M

(4N) PI
DNA

(cell cycle arrest)
DNA (2N) DNA

(hypodiploid) (G0/G1) (sub-G1)  
24well (petri-dish) 3 × 105 5% CO2 37  

incubator Td-F2 (25 12.5 6.25
3.125 μg/mL) Silymarin(200 μg/mL) (Santosh, et al., 
2005) 24 well (eppendorf)

trypsin-EDTA 4000 rpm 5
1X PBS 1mL -20 2

1X PBS 1mL PBS (
0.1mg/mL RNase A 0.5  Tritone X-100) 37 1 1mL 
50μg/mL PI 4 30 1X PBS 200 μL 1X 
PBS FACScan (Becton Dickinson Immunocytometery Systems 
USA,San Jose, CA) DNA 10000

Modfit 3.0 sub-G1 phase(apoptotic cells)  
( ) DNA  

DNA
(DNA fragmentation) (agarose gel)

180~200 base pair  
6 well (petri-dish) 8  105 5% CO2 37

 incubator (25 12.5 6.25
3.125 μg/mL) (Camptothecin, CPT 4.35 μg/mL)
24 48 well (eppendorf)

trypsin-EDTA 1,500 rpm 5
13,000 rpm 5 pellet 1X PBS

400 L extraction buffer(50mM, pH 8.0  Tris-HCl 10mM EDTA, pH 
8.0 0.3% triton x-100) 30

10 L RNase A(20mg/mL) 55 30 8 L proteinase 
K(20mg/ml) 55 30 phenol/chloroform/isoamyl 
alcohol 25 24 1 13,000 rpm 30
300 L 1/10 3M NaOAc 2 -20  
overnight 13,000 rpm, 4 30 70%

12 L 0.1X TE buffer(10mM, pH8.0 Tris-HCl 1mM EDTA, pH 
8.0)) 1.5% agarose gel( 0.5 g/mL ethidium bromide) 100V
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(agarose gel electrophoresis) (Bio-Rad Gel Doc 
XR Systems, USA) Quantity One 4.6.2  

( )  
DNA

(DNA fragmentation) DNA

96 well (petri-dish) 2  104 5% CO2

37  incubator (12.5 6.25
3.125 1.5625μg/mL) 24

lysis buffer 200μL 30
(200  g, 5 ) 20μL streptavidin coated microtiter 

plate 80μL immunoreagent( 20 mL immunoreagent 1 mL
Anti-DNA-POD 1 mL Anti-histone-biotin 18 mL incubation buffer)
200 rpm 2 incubation buffer
ABTS solution 100μL 250 rpm 10 Stop solution 
100μL 405nm ( lysis buffer, immunoreagent, incubation buffer

ABTS solution Cell Death Cell Detection ELISAPLUSkit )  

± mean ± standard error of mean
 Student’s t-test p< 0.05

 

 

Hep3B

Td-F2 24
Hep3B (adherent cell)

-A
-C 3.125μg/mL

(6.25 12.5 25 μg/mL)
-D, -E,-F

DMSO -B -A
0.25% DMSO

Td-F2 Hep3B
 

Td-F2 DMSO
medium DMSO 0.25% (100 50 25
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12.5 6.25 3.125μg/mL) MTT assay
(24

98.93±2.37% 79.13±2.70% 67.25±0.82% 29.19±0.42% 7.88±0.09% 4.59±0.6%, 
IC50 15.87μg/mL 48 82.54±0.78% 35.56±0.51% 22.68±0.06%
15.72±0.15% 1.89±0.08% 1.60±0.01%, IC50 6.37μg/mL DMSO

(24 99.25±0.72 48
95.78±0.65%)  

Td-F2
Hep3B  

Td-F2
Hep3B 24 (3.125 6.25
12.5 25 μg/mL) G0/G1
(Silymarin) G2/M (Varghese et 
al.,2005) 3.125 μg/mL

6.25 12.5 25 μg/mL
G0/G1 (66.55~76.83~90.76) S G2/M

sub-G1
 (4.13~6.63~7.79~27.21)

(Silymarin) 200 μg/mL 24  G2/M
(7.71~17.62) G0/G1 S

24 (4.13~8.58) 0.25% 
DMSO

Td-F2 Hep-G2
G0/G1 (cell cycle arrest G0/G1 phase)  

Td-F2 Hep3B 
DNA

-A, -B
Td-F2 Hep3B 24 (3.125 6.25
12.5 25 μg/mL) DNA 48

(3.125 6.25 μg/mL)
(3.45 μg/mL) -C DNA  (Ng, et al., 
2006)  

ELISA kit Td-F2
Hep3B  

Td-F2
Hep3B 24 (1.5625

3.125 6.25 12.5 μg/mL) O.D 0.48±0.07 0.95±0.00 1.62±0.18
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2.10±0.11 O.D 0.44±0.07 2.15~4.7
(3.125 μg/mL)

0.25% DMSO O.D 0.34±0.02
0.25% DMSO

 

DNA
(Drug resistant gene

 
Td-F2  

Hep3B
MTT 

assay 24 IC50 
15.9 μg/mL  48 IC50 6.3 μg/mL

HepG2 24 IC50 6.7 μg/m
8 IC50 3.0 μg/mL  Hep3B

P53 
 (Wu et al., 2001

 

DNA (DNA fragmentation)
ELISA kit ( )

Td-F2
 Hep3B

Td-F2  Hep3B
G0/G1 (cell cycle arrest G0/G1 phase

P53
(King and Cidlowski ,1998  

Hep3B p53
Td-F2 p53 (p53 independent)  Hep3B
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(13.5 kg)

(100L) 
 

3 8  

(392 g) 

 

(6:4) 
 

(4:6)
 

(2:8)
 

TdF5(22 g) TdF6(26 g) 

/  / /   

TdF4(16 g)
 

TdF3(67 g)
 

TdF2(31 g) 

(8:2) 
 

 
TdF1(160 g) 

( 3.6 cm)
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 (A) Control (D) 6.25 μg/mL 

 
(B) 0.25% DMSO  (E) 12.5 μg/mL 

 

(C) 3.125μg/mL (F) 25μg/mL 

 
Hep3B

(A) Control (B) 0.25% DMSO (C) 3.125μg/mL (D) 
6.25μg/mL (E) 12.5μg/mL (F)25 μg/mL. (400X).
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0

20

40

60

80

100

120
24 hr
48 hr

Concentration (μg/mL)

2512.53.125

*

*
6.25 50 100

* *
*

* * *

*
*

C
el

l V
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bi
lit

y 
(%

 o
f C
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l)

*

Control DMSO

 

 

Td-F2 Hep3B
24 48 MT

100 50 25 12.5 6.25 3.125 μg/mL  
Each value is mean  S.E. of three replicate analyses. * represents 
significant difference as compared with control (P 0.05).  
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%
 G

at
ed

0

20

40

60

80

100
G0/G1
S
G2/M

Sily2003.125 12.56.25Control DMSO

Concentration  (μg/mL)

25

 

Concentration (μg/mL) Sub-G1(%) G0/G1 (%) S (%) G2/M (%) 
Control 4.13 73.06 19.23 7.71 
DMSO 4.75 73.56 19.69 6.75 
3.125 3.95 60.52 28.37 11.11 
6.25 6.63 66.55 20.36 13.09 
12.5 7.79 76.83 12.30 10.87 
25 27.21 90.76 0 9.24 

Silymarin 200 8.58 64.33 18.05 17.62 

Td-F2
Hep3B   

12.5 25 Sily200

Control DMSO 3.125 6.25 
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.  

         (A)  M   1    2   3   4   5   6        (C) 

         (B) M   1   2    3    4   5   6 

Td-F2
Hep3B DNA  

24hr(A) and 48hr(B). Lane(M) 100bp Marke lane(1) 
Control lane(2  DMSO lane(3) 3.125μg/mL lane(4) 
6.25 μg/mL lane (5) 12.5 μg/mL lane (6) 25 μg/mL (C) 
Camptothecin, CPT 4.35 μg/mL. 
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ELISA kit Td-F2
24 Hep3B
Each value is mean ± S.E. of three replicate analyses. * represents  
significant difference as compared with control (P 0.05). 

Concentration μg/mL

A
po

pt
ot

ic
 c

el
ls

 (A
 4

05
)

0.0

0.5

1.0

1.5

2.0

2.5

DMSO
1.5

62
5

6.2
5

3.1
25

Con
tro

l

*

*

*

12
.5
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A Td-F2 Extract from Tithonia diversifolia Induced Cell 
Cycle Arrest and Apoptosis on Hep3B Human Hepatoma 

Cells 
 

Min-Ren Lu , Meng-Shiou Lee , Hsi-Jien Chen , Yu-Jen Wu  

Ray-Ling Huang  

Abstract 

Tithonia diversifolia  to the family of Compositae. The whole plant of 
Tithonia diversifolia has long been applied to the traditional folk medicine for the 
treatment of various liver disease, and is believed to be effective in relieving heat and 
body toxins. In recent years, there are only several reports confirming its effects on 
hepatoprotective, anti-inflammatory, and anti-cancer activities. However, researches 
are lacking for the exact anti-cancer mechanisms of Tithonia diversifolia on hepatoma. 
We had previously shown that the ethyl acetate extract from leaves of Tithonia 
diversifolia indeed indicated singnificant cytotoxicity effects on the human hepatoma 
cell HepG2 (Wild-type p53) and induced apoptosis. In this study, we used the human 
hepatoma cell Hep3B (P53 deletion) to assay the anti-tumor effect of the extracts 
from Tithonia diversifolia. Our results showed the effective fraction of the 
Fraction-2(Td-F2  inhibited the tumor cell growth (IC50 =15.9μg/mL at 24 hour and 
IC50 =6.3μg/mL at 48 hour) in a time and concentration-dependent manner. Moreover, 
we further analyzed the DNA fragmentation by gel electrophoresis, cell cycle by flow 
cytometry, and apoptosis by ELISA method. The results clearly showed that Td-F2 
indeed induced cell cycle arrest and apoptosis on Hep3B cell. 
 
Key words: Tithonia diversifolia, Apoptosis, Cell cycle, Hepatoma. 
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