
 ORIGINAL ARTICLE

Pro-apoptotic effects of tectorigenin on human 
hepatocellular carcinoma HepG2 cells

Chun-Ping Jiang, Hui Ding, Da-Hua Shi, Yu-Rong Wang, Er-Guang Li, Jun-Hua Wu

Chun-Ping Jiang, The First Clinical Medical College, Nanjing 
University of Chinese Medicine, Nanjing 210046, Jiangsu Prov-
ince, China
Chun-Ping Jiang, Department of Hepatobiliary Surgery, The 
Affiliated Drum Tower Hospital, Medical School, Nanjing Uni-
versity, Nanjing 210008, Jiangsu Province, China
Hui Ding, Da-Hua Shi, Yu-Rong Wang, Er-Guang Li, Jun-
Hua Wu, Jiangsu Key Laboratory of Molecular Medicine, State 
Key Laboratory of Pharmaceutical Biotechnology, Medical 
School, Nanjing University, Nanjing 210093, Jiangsu Province, 
China
Author contributions: Ding H, Shi DH and Wu JH designed 
the research; Jiang CP, Ding H, Shi DH, Wang YR and Wu JH 
performed the research; Jiang CP, Li EG and Wu JH did data 
analysis and wrote the paper; Jiang CP and Wu JH applied 
funds for the study.
Supported by The National Natural Science Foundation of China, 
No. NSFC30801417; Natural Science Foundation of Jiangsu 
Province, No. BK2009010 and BK2008267; Doctoral Fund of 
Ministry of Education of China, No. RFDP200802841004; and 
Science Fund of Ministry of Health of China, No. LW201008
Correspondence to: Dr. Jun-Hua Wu, Jiangsu Key Laboratory 
of Molecular Medicine, State Key Laboratory of Pharmaceutical 
Biotechnology, Medical School, Nanjing University, Nanjing 
210093, Jiangsu Province, China. wujunhua@nju.edu.cn
Telephone: +86-25-83593192  Fax: +86-25-83593192
Received: June 19, 2011           Revised: September 3, 2011
Accepted: October 14, 2011
Published online: �pril 21, 2012�pril 21, 2012

Abstract
AIM: To investigate the effects of tectorigenin on hu-
man hepatocellular carcinoma (HCC) HepG2 cells.

METHODS: Tectorigenin, one of the main components 
of rhizome of Iris tectorum, was prepared by simple 
methods, such as extraction, filtration, concentration, 
precipitation and recrystallization. HepG2 cells were 
incubated with tectorigenin at different concentrations, 
and their viability was assessed by 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. 

Apoptosis was detected by morphological observation 
of nuclear change, agarose gel electrophoresis of DNA 
ladder, and flow cytometry with Hoechst 33342, An-
nexin V-EGFP and propidium iodide staining. Genera-
tion of reactive oxygen species was quantified using 
DCFH-DA. Intracellular Ca2+ was monitored by Fura 
2-AM. Mitochondrial membrane potential was moni-
tored using Rhodamine 123. Release of cytochrome c 
from mitochondria to cytosol was detected by Western 
blotting. Activities of caspase-3, -8 and -9 were investi-
gated by Caspase Activity Assay Kit.

RESULTS: The viability of HepG2 cells treated by te-
ctorigenin decreased in a concentration- and time-
dependent manner. The concentration that reduced 
the number of viable HepG2 cells by 50% (IC50) after 
12, 24 and 48 h of incubation was 35.72 mg/L, 21.19 
mg/L and 11.06 mg/L, respectively. However, treat-
ment with tectorigenin at 20 mg/L resulted in a very 
slight cytotoxicity to L02 cells after incubation for 12, 
24 or 48 h. Tectorigenin at a concentration of 20 mg/L 
greatly inhibited the viability of HepG2 cells and in-
duced the condensation of chromatin and fragmenta-
tion of nuclei. Tectorigenin induced apoptosis of HepG2 
cells in a time- and dose-dependent manner. Com-
pared with the viability rate, induction of apoptosis was 
the main mechanism of the anti-proliferation effect of 
tectorigenin in HepG2 cells. Furthermore, tectorigenin-
induced apoptosis of HepG2 cells was associated with 
the generation of reactive oxygen species, increased 
intracellular [Ca2+]i, loss of mitochondrial membrane 
potential, translocation of cytochrome c, and activation 
of caspase-9 and -3.

CONCLUSION: Tectorigenin induces apoptosis of 
HepG2 cells mainly via  mitochondrial-mediated path-
way, and produces a slight cytotoxicity to L02 cells.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most com-
mon cause of  cancer-related mortality worldwide, with 
600 000 deaths per year[1]. It often develops in patients 
with chronic liver diseases associated with hepatitis B 
virus or hepatitis C virus infections[1]. Although surgical 
techniques have been improved and several non-surgical 
treatment modalities have been developed, there is still 
no effective therapy for significant improvement of  ex-
tremely poor prognosis of  HCC patients[2]. Therefore, 
efforts have been made to search for mechanism-based 
agents, such as sorafenib[3], chelidonine[4], 5-allyl-7-gen-
difluoromethylenechrysin[5], troglitazone[6], chaga mush-
room extract[7] and curcumin[8], for treatment of  HCC. 
Sorafenib is the first substance that proved to significant-
ly prolong the survival of  HCC patients. And multikinase 
inhibitor has shown to have anti-proliferative and anti-
angiogenic properties[3].

Apoptosis is a physiological process leading to cell 
deletion and regulates the balance between cell prolif-
eration and death. The hallmark of  cancer cells is the 
dysregulation of  cell proliferation and apoptosis. The 
tumor growth depends on the cell proliferation rate and 
apoptosis. Therefore, induction of  apoptosis of  tumor 
cells has become a strategy in cancer treatment[5-7]. The 
integration of  multiple survival and death signals deter-
mines whether a cell survives or undergoes apoptosis. In 
recent years, mitochondrial pathways and death receptor 
pathways have been identified as the two major mecha-
nisms for induction of  apoptosis[9,10].

Iris tectorum (I. tectorum), a traditional Chinese medi-
cine, has been widely used for treating liver-related 
diseases, including hepatitis, liver fibrosis, liver cirrhosis 
and liver cancer. As one of  the main ingredients of  I. tec-
torum rhizome[11], tectorigenin has been reported to have 
in vivo and in vitro anti-angiogenic activities[12]. A previ-
ous study also showed that tectorigenin possessed anti-
tumor activities in mice implanted with murine Lewis 

lung carcinoma or bearing sarcoma 180[12]. Our previous 
studies revealed that tectorigenin possessed anti-prolif-
erative and pro-apoptotic effects on hepatic stellate cells 
(HSCs)[13]. However, until now there has been no report 
about the anti-tumor effect of  tectorigenin on human 
HCC HepG2 cells and the associated mechanisms. Con-
sidering that tectorigenin is one of  the main components 
in rhizome of  I. tectorum which had been used for the 
treatment of  liver cancer for centuries, we hypothesized 
that tectorigenin may have anti-proliferation and pro-
apoptosis effects on human HCC HepG2 cells. The aim 
of  the present study was to examine whether tectorigen-
in could suppress the proliferation of  HepG2 cells and 
induce apoptosis of  HepG2 cells.

MATERIALS AND METHODS
Reagents
All reagents and solvents were purchased from com-
mercial suppliers and were used without further purifi-
cation. Roswell Park Memorial Institute (RPMI)-1640 
medium was purchased from HyClone (Hyclone, UT, 
United States). Fetal bovine serum (FBS) was purchased 
from Hangzhou Sijiqing Biological Engineering Materi-
als Co., Ltd. (Hangzhou, China). Annexin V-EGFP was 
purchased from PharMingen (San Diego, CA, United 
States). Propidium iodide (PI), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT), Hoechst 
H33258, DCFH-DA, ethidium bromide (EB), Proteinase 
K, RNase A and Rhodamine 123 were purchased from 
Sigma Aldrich Co. (St. Louis, MO, United States). Fura 
2-AM was purchased from Dojindo Laboratories (Ku-
mamoto, Japan). The kits used for caspase activity assays 
were obtained from Beyotime Institute of  Biotechnol-
ogy (Nantong, Jiangsu, China). All other chemicals were 
of  analytic grade.

Plant materials
The rhizomes of  I. tectorum were collected at Dafeng, 
Jiangsu Province, China. The voucher specimen (the 
registration number NJU-603) was identified by Prof. 
Gong ZN, Nanjing Normal University and deposited at 
the herbarium of  Nanjing University, Nanjing, Jiangsu 
Province, China.

Preparation of tectorigenin
The rhizomes (400 g) of  I. tectorum, after ground on an 
electrical grinder, were extracted twice with 2000 mL 
of  80% ethanol under reflux for 3 h. The filtrate of  the 
obtained 80% ethanol extract was condensed in vacuum 
to afford a dark-brown residue called Crude-Extract 
(73.1 g). The Crude-Extract was dissolved in 4000 mL 
3% Na2CO3 solution at 85 ℃, and then the solution was 
filtrated. The pH of  the filtrate was regulated to 3-4 by 
adding 18% HCl, and then the crude isoflavone part was 
precipitated from the acid liquor. The formed crude iso-
flavone (23.2 g) was collected by filtration and dissolved 
in 2000 mL 5% NaHCO3 solution at 85 ℃. The 5% 
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NaHCO3 solution was extracted with 2000 mL EtOAc 
twice. The EtOAc extract was condensed in vacuum to 
afford a light-brown residue (11.5 g). The residue was 
washed by 2000 mL hot distilled water and 2000 mL 
ligarine successively, and sequentially dried at 50 ℃. The 
dried residue (7.3 g) was recrystallized in ethanol twice 
to afford pure compound (4.45 g).

Cell culture and treatment
Human liver carcinoma HepG2 cells were purchased 
from the Shanghai Institute of  Cell Biology (Shanghai, 
China). These cells were grown in RPMI 1640 medium 
with 10% FBS in the presence of  100 U/mL penicillin 
and 100 μg/mL streptomycin and maintained at 37 ℃ 
in a humidified atmosphere containing 5% (v/v) CO2. 
L02 cells (a human hepatocyte cell line), purchased from 
Xiangya Central Experiment Laboratory, Central South 
University, China, were cultured in Dulbecco’s Modified 
Eagle Medium (Gibco, NY, United States) supplemented 
with 100 U/mL penicillin, 100 μg/mL streptomycin, and 
10% FBS, in a humidified atmosphere containing 5% (v/
v) CO2 at 37 ℃. Tectorigenin was dissolved in dimethyl 
sulfoxide (DMSO) at 20 mg/mL as a stock solution and 
diluted to the required concentration with fresh medium 
immediately before use. The final DMSO concentration 
in cultures was < 0.1% (v/v), which did not influence cell 
growth when compared with the vehicle-free controls. 
Cells grown in the media containing an equivalent amount 
of  DMSO without tectorigenin served as control.

Cell viability assay
Cell viability was assessed by MTT method. Briefly, cells 
were seeded in 96-well plate at a density of  1 × 104 cells/
well. After 24 h incubation, tectorigenin at different 
concentrations was added to the cells while only DMSO 
(solvent) was added as a negative control. After growing 
for 12, 24 and 48 h, cells were incubated with MTT (0.5 
mg/mL) for 4 h at 37 ℃. During this incubation period, 
water-insoluble formazan crystals were formed, which 
were dissolved by the addition of  100 μL/well DMSO. 
The optical densities (A) at 570 nm were measured us-
ing an enzyme-linked immunosorbent assay plate reader. 
Wells containing culture medium and MTT but no cells 
acted as blanks. The percentage of  cell viability was cal-
culated as follows: Adrug-blank/Acontrol-blank × 100%.

Morphological observation of nuclear change
Cell morphological assay was carried out according to 
Wu et al[13] with minor modification. In this assay, cells 
were seeded in 24-well plates and treated with tectori-
genin or vehicle (control). After 48 h incubation, cells 
were washed carefully with phosphate buffered saline 
(PBS), fixed with 4% paraformaldehyde for 10 min at 
room temperature, then washed with pre-chilled PBS 
three times and exposed to 5 μg/mL Hoechst 33258 at 
room temperature in the dark for 20 min. Samples were 
observed under a fluorescent microscope (Nikon UFX-
II, Japan). Cells showing cytoplasmic and nuclear shrink-

age, chromatin condensation or fragmentation, were 
defined as apoptotic cells.

Determination of DNA fragmentation
The integrity of  DNA was assessed by agarose gel elec-
trophoresis. Cells were harvested after 48 h incubation 
with 20 μg/mL tectorigenin by centrifugation (300 × g, 
5 min) and lysed in lysis buffer containing 10 mmol/L 
Tris-HCl (pH 7.4), 10 mmol/L ethylenediaminetetraace-
tic acid (EDTA), and 0.1% of  Triton X-100. Then cells 
were incubated with RNase A at 37 ℃ for 60 min and 
proteinase K at 50 ℃ for 120 min, respectively. After 
centrifugation (2000 × g, 10 min), supernatants were 
transferred to new tubes and precipitated by the addition 
of  0.5 volume of  7.5 mol/L ammonium acetate and 2.5 
volumes of  ethanol overnight. After centrifugation at 
600 × g for 5 min, the pellets were dissolved in Tris-HCl 
EDTA buffer (TE buffer) (10 mmol/L Tris-HCl, pH 8.0, 
1 mmol/L EDTA) and loaded on 1.5% agarose gel for 
electrophoresis. The gel was stained with EB and photo-
graphed with ultraviolet illumination.

Assessment of apoptosis
Apoptosis could be determined by staining cells with 
Annexin V-EGFP and propidium iodide labeling. In this 
study, apoptosis was asssessed according to Hai et al[14]. 
Briefly, cells were harvested after having exposed to the 
indicated concentrations of  tectorigenin for 24 or 48 h, 
washed twice with cold PBS and then resuspended in 1 
mL binding buffer (10 mmol/L HEPES/NaOH (pH 
7.4), 140 mmol/L NaCl, 2.5 mmol/L CaCl2) at a con-
centration of  1 × 106 cells/mL. The cells were incubated 
with 5 μL Annexin V-EGFP (300 mg/L) for 10 min, and 
then 10 μL of  20 mg/L PI for 30 min in the dark. Cell 
fluorescence was measured on FACScan flow cytometer 
(Becton Dickinson) using an argon ion laser (488 nm).

Measurement of reactive oxygen species generation
The cellular reactive oxygen species (ROS) was quanti-
fied using DCFH-DA according to Shi et al[15]. Cells were 
seeded in black 96-well plates and incubated with tec-
torigenin at indicated concentrations for 1, 3, 6 or 24 h.  
Then cells were washed with PBS twice and incubated 
with 100 μmol/L DCFH-DA in the loading medium 
in 5% CO2/95% air at 37 ℃ for 30 min. After DCFH-
DA was removed, the cells were washed with PBS and 
DCFH-DA-loaded cells were read in a Safire (Tecan, 
Crailsheim, Germany) fluorescence plate reader (excita-
tion, 485 ± 12 nm; emission, 530 ± 12 nm). The fold 
increase in fluorescence per well was calculated by the 
formula [Fti/Ft0], where Ft0 is the fluorescence without 
tectorigenin treatment and Fti is the fluorescence with 
the tectorigenin treatment at the indicated concentration.

Measurement of intracellular Ca2+

Intracellular Ca2+ ([Ca2+]i) was monitored using the fluo-
rescent Ca2+-sensitive dye, Fura 2-acetoxymethy ester 
(Fura 2-AM)[15]. Cells were seeded in black 96-well plates 
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and incubated with tectorigenin at the indicated concen-
tration for 3, 6 or 24 h. The cells were washed with PBS 
twice and incubated with 1 μmol/L Fura 2-AM which was 
dissolved in HEPES buffer saline (20 mmol/L HEPES, 
115 mmol/L NaCl, 5.4 mmol/L KCl, 1.8 mmol/L  
CaCl2, 0.8 mmol/L MgCl2, 13.8 mmol/L glucose, pH 7.4) 
for 30 min in the dark at 37 ℃ in a humidified incubator. 
They were then gently rinsed with HEPES buffer saline 
twice and incubated with HEPES buffer saline for 60 
min at 37 ℃ in a humidified incubator. The fluorescence 
was measured at an emission wavelength of  510 nm and 
an excitation wavelength of  340 and 380 nm on a Safire 
(Tecan, Crailsheim, Germany) fluorescence plate reader. 
The ratio of  fluorescence intensity of  340-380 nm (F340/
F380) was used to estimate intracellular free calcium.

Measurement of mitochondrial membrane potential 
As an index to determine mitochondrial dysfunction, 
mitochondrial membrane potential (MMP) was moni-
tored using Rhodamine 123[16]. Cells were treated with 
tectorigenin at indicated concentration for 3, 6 or 24 h in 
a 6-well culture plate at 1 × 105 cells/mL. The medium 
was then removed and washed three times with serum-
free RPMI 1640 medium followed by incubation in fresh 
serum-free medium containing 3 mg/L Rhodamine 123 
at 37 ℃ in dark for 30 min. Finally, the cells were col-
lected and washed twice with PBS and then analyzed by 
a FACScan flow cytometer (Becton Dickinson, Franklin 
Lakes, NJ, United States).

Western blotting
HepG2 cells were seeded into 60-mm dishes (1 × 106 
cells/dish). On the next day, after treated for 48 h with 
tectorigenin at 0, 5, 10 and 20 mg/L, respectively, 
HepG2 cells were harvested, resuspended in an ice-cold 
lysis buffer containing 50 mmol/L Tris-HCl, pH 8.0, 50 
mmol/L KCl, 5 mmol/L dithiothreitol (DTT), 1 mmol/
L EDTA, 0.1% sodium dodecyl sulfate (SDS), 0.5% Tri-
ton X-100, and protease inhibitor cocktail tablets (Roche, 
IN), incubated for 10 min on ice, disrupted in a microul-
trasonic cell disrupter for 10 s and centrifuged at 750 
× g for 15 min at 4 ℃. The supernatant (cytosolic frac-
tion) was removed and maintained at -80 ℃. The pellet 
containing mitochondria was resolved in a lysis buffer. 
Protein level was measured using a standard colorimetric 
assay kit (BCA kit). Proteins were separated by polyacryl-
amide/SDS gel electrophoresis and transferred onto 
polyvinylidene fluoride membranes (Roche, IN). The 
membranes were probed with antibody (cytochrome c 
diluted at 1:1000, Cell Signaling Technology, MA, United 
States) overnight at 4 ℃, and incubated with a Horserad-
ish peroxidase (HRP)-coupled secondary antibody (HRP; 
1:5000, Cell Signaling Technology, MA, United States). 
Detection was performed using a LumiGLO chemi-
luminescent subtract system (KPL, Guildford, United 
Kingdom). β-actin (1:200, Boster, Wuhan, China) as a 
loading control. Results were quantified with a scanning 
densitometer (Bio-Rad, United States).

Caspase-3, -8 and -9 activity assay
Caspases activities were measured using Caspase Activity 
Assay Kit (Beyotime, C1115, C1151 and C1157) accord-
ing to the manufacturer’s instructions. Briefly, cultured 
HepG2 cells (5 × 106) were washed with cold PBS twice, 
resuspended in lysis buffer and left on ice for 20 min. The 
lysate was centrifuged at 16 000 × g at 4 ℃ for 3 min. Su-
pernatants were collected and protein concentrations were 
measured with a BCA kit. Caspase-3, -8 and -9 activities 
were measured by reaction buffer (containing DTT) and 
caspase substrate peptides Ac-DEVD-pNA, Ac-IETD-
pNA and Ac-LEHD-pNA, respectively. The release of  
p-nitroanilide (pNA) was qualified by determining the 
absorbance with Tecan SUNRISE at 405 nm. The fold in-
crease in absorbance was calculated by the formula [ODi/
OD0], where OD0 is the absorbance without tectorigenin 
treatment and ODi is the absorbance with tectorigenin 
treatment at the indicated concentration.

Statistical analysis
All data were expressed as mean ± SD. Origin Pro 7.0 
statistical package was used to determine statistical sig-
nificance. Difference between two groups was analyzed 
by two-tailed Student’s t test, and difference among three 
or more groups was analyzed by one-way analysis of  
variance multiple comparisons. P < 0.05 was considered 
statistically significant.

RESULTS
Preparation of tectorigenin
As illustrated in Figure 1A, the high performance liquid 
chromatography (HPLC) profile for Crude-Extract re-
vealed that tectorigenin is one of  the main components 
of  the rhizomes of  I. tectorum. The compound was iden-
tified as tectorigenin (CAS registry number: 548-77-6) 
by chemical and spectral approaches. The structure is 
shown in Figure 1A. The purity of  tectorigenin was 
above 98% (HPLC analysis, Figure 1B).

Effect of tectorigenin on viability of HepG2 and L02 cells
The effect of  different concentrations of  tectorigenin on 
the viability of  HepG2 cells for 12, 24 and 48 h was as-
sessed by the MTT assay. The number of  viable HepG2 
cells treated by tectorigenin decreased in a concentration- 
and time-dependent manner (Figure 2A). When HepG2 
cells were treated with tectorigenin at 5, 10 and 20 mg/L 
for 24 h, the viability rate was 91%, 79% and 62%, re-
spectively (Figure 2A). Whereas when HepG2 cells were 
treated with tectorigenin at 5, 10 and 20 mg/L for 48 
h, the viability rate was reduced to 83%, 57% and 33%, 
respectively (Figure 2A). The concentration that reduced 
the number of  viable HepG2 cells by 50% (IC50) after 
12h, 24 h and 48h of  incubation was 35.72, 21.19 and 
11.06 mg/L, respectively. However, treatment with tecto-
rigenin at 20 mg/L resulted in a very slight cytotoxicity to 
L02 cells after incubation for 12, 24 or 48 h (Figure 2B).
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Morphological changes of HepG2 cells after exposure to 
tectorigenin
To verify tectorigenin-induced apoptosis of  HepG2 
cells, we observed the changes in cell morphology af-
ter tectorigenin exposure by Hoechst 33 258 staining. 
As shown in Figure 3, regular and round-shaped nuclei 
were observed in the control HepG2 cells (Figure 3A). 
After treated with 5, 10 and 20 mg/L (Figure 3B-D) 
tectorigenin for 48 h, the blue emission light became 
much brighter in apoptotic cells than in control cells. 

Condensed chromatin could also be found in many tec-
torigenin-treated cells and the structure of  apoptotic 
bodies was formed in some cells, which is one of  the 
classic characteristics of  apoptotic cells. Moreover, after 
treated with 20 mg/L tectorigenin, the nuclei of  HepG2 
cells were further condensed with the number of  apop-
totic bodies sharply increased.

DNA ladder of HepG2 cells treated with tectorigenin
Genomic DNA was prepared from HepG2 cells that had 

1757 April 21, 2012|Volume 18|Issue 15|WJG|www.wjgnet.com

H3CO
OH

OH

HO

O

O

Tectorigenin

0           2            4            6            8           10          12          14          16          18          20          22          24          26          28    min

180

160

140

120

100

80

60

40

20

0

(mV)

4.
83

5

6.
09

1

7.
40

0
7.

99
1

9.
32

4

13
.4

16

10
.5

38

11
.2

62

12
.1

02
12

.4
83

14
.0

32

18
.1

94

Figure 1  The high-performance liquid chromatography profiles of the aqueous ethanol (80%) extract of Iris tectorum rhizomes (A) and tectorigenin (B). 
High-performance liquid chromatography analysis was accomplished at 25 ℃ on an instrument consisting of L-7110 (Hitachi) pump, L-7420 (Hitachi) ultraviolet de-
tector (set at 254 nm) and Alltech Apollo C18 (4.6 mm × 250 mm) column using MeOH:EtOAc:H2O (60:1:40) mixture as a mobile phase at a flow rate of 1.0 mL/min. 
Sample injection: 10 μL of extract (2.5 g/L) or tectorigenin (100 mg/L) in MeOH.

0           2            4            6            8           10          12          14          16          18          20          22          24          26          28    min

220

200

180

160

140

120

100

80

60

40

20

0

(mV)

13
.5

42

A

B

Jiang CP et al . Tectorigenin effect on HCC cells



been incubated in the presence or absence of  20 mg/L 
tectorigenin for 48 h. The integrity of  the DNA was as-
sessed by agarose gel electrophoresis. DNA isolated from 
HepG2 cells cultured with 20 mg/L tectorigenin for 48 
h showed a ‘‘ladder’’ pattern of  apoptosis (Figure 4).  
A comparison with molecular weight markers indicated 
that the fragments were multiples of  approximately 
180-200 base pairs.

Apoptotic rate of HepG2 cells treated with tectorigenin
Treatment of  HepG2 cells with tectorigenin resulted in 
significant increase of  apoptotic cells in a time- and dose-
dependent manner compared with that of  non-treated 
cells quantified by Annexin V analysis (Figure 5B),  
as shown in Figure 5A. Apoptotic rate of  HepG2 cells 
treated with 5, 10 and 20 mg/L tectorigenin for 24 h was 
8%, 14%, and 30%, respectively. However, when HepG2 
cells were treated with 5, 10 and 20 mg/L tectorigenin 
for 48 h, its apoptotic rate was 16%, 42% and 58%, re-
spectively. Compared with the viability rate in Figure 2, 

these results suggested that induction of  apoptosis was 
the main mechanism of  the anti-proliferative effect of  
tectorigenin in HepG2 cells.
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Figure 5  Flow cytometric analysis of apoptosis in HepG2 cells treated with tectorigenin. HepG2 cells were incubated for 24 and 48 h with tectorigenin at 0, 5, 
10, 20 mg/L, respectively. And then the cells were stained with EGFP-conjugated Annexin V and propidium iodide (PI). The EGFP and PI fluorescence was measured 
using flow cytometer with FL1 and FL3 filters, respectively. A: Representative dot plots of Annexin V/PI staining. a: Control, 24 h; b: 5 mg/L, 24 h; c: 10 mg/L, 24 h; d: 
20 mg/L, 24 h; e: Control, 48h; f: 5 mg/L, 48 h; g: 10 mg/L, 48 h; h: 20 mg/L, 48 h. The lower left quadrant contains the vital (double negative) population. The lower 
right quadrant contains the early apoptotic (Annexin V+/PI-) population and upper right quadrant contains the late apoptotic/necrotic (Annexin V+/PI+) population; B: 
Data pooled from three independent experiments show the percentage of apoptotic cells. Difference was considered statistically significant when aP < 0.05 and bP < 0.01 
vs control.
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Intracellular accumulation of ROS induced by tectorigenin
To determine whether tectorigenin could induce intra-
cellular ROS generation, levels of  ROS production in 
HepG2 cells were determined using the fluorescence 
probe DCFH-DA. As shown in Figure 6, HepG2 cells 
exposed to tectorigenin at 10 and 20 mg/L for 1 or 6 h 
displayed a significant increase in the intracellular level 
of  ROS as compared with that in the control cells. When 
HepG2 cells were treated with tectorigenin at 5, 10 and 20 
mg/L for 3 h, they displayed a maximal increase in the in-
tracellular level of  ROS. However, HepG2 cells incubated 
with tectorigenin at 5, 10 and 20 mg/L for 24 h, showed 
a mild but not significant increase in the intracellular level 
of  ROS compared with that in the control cells.

Tectorigenin-induced increase of [Ca2+]i in HepG2 cells
To determine whether tectorigenin influences the level 
of  intracellular Ca2+, the level of  intracellular Ca2+ was 
measured with Fura 2-AM staining. As shown in Figure 7, 
treatment of  HepG2 cells with tectorigenin at the con-
centrations of  5, 10 and 20 mg/L for 3 h increased the 
fluorescence ratio (F340/F380) by 1.11 ± 0.09, 1.32 ± 
0.11 and 1.86 ± 0.13 fold as compared with the control. 
When HepG2 cells were treated with tectorigenin for 6 
and 24 h, they displayed a higher increase of  the fluores-
cence ratio (F340/F380) in a dose- and time-dependent 
manner (Figure 7). Moreover, when the incubation time 
was prolonged from 3 h to 24 h with the incubation con-
centration of  20 mg/L, the F340/F380 value increased 
from 1.86 ± 0.13 to 2.52 ± 0.17.

Tectorigenin-induced loss of MMP in HepG2 cells
To assess the effect of  tectorigenin on the changes of  
MMP in HepG2 cells, flow cytometric analysis was car-
ried out to detect the fluorescence intensity of  Rhoda-
mine 123. As shown in Figure 8B, treatment of  HepG2 
cells with tectorigenin at the concentrations of  5 and 10 
mg/L for 3 h and 6 h caused a moderate depolarization 

of  MMP. However, HepG2 cells treated with tectorigen-
in at the concentrations of  5, 10 and 20 mg/L for 24 h  
(Figure 8A and B), as well as for 3 and 6h, displayed 
a remarkable depolarization of  MMP corresponding 
to a much lower fluorescence intensity compared with 
the control, suggesting the collapse of  the inner mito-
chondrial membrane and mitochondrial dysfunction. 
Compared with the control cells (without treatment of  
tectorigenin), HepG2 cells treated with 5, 10 and 20 
mg/L tectorigenin for 24 h decreased the MMP from 
95.39% ± 5.47% to 81.39% ± 4.28%, 72.55% ± 3.97% 
and 69.45% ± 3.28%, respectively.

Effect of tectorigenin on cytochrome c release in HepG2 
cells
The cytosolic and mitochondrial levels of  cytochrome c 
were measured to confirm apoptosis via the mitochon-
drial pathway in tectorigenin-treated HepG2 cells. The 
results indicated that mitochondrial cytochrome c was 
released into the cytosol in a dose-dependent manner 
(Figure 9A). Compared with control cells (without treat-
ment of  tectorigenin), HepG2 cells treated with tectori-
genin at 5, 10 and 20 mg/L for 48 h showed an increase 
in levels (cytochrome c/β-actin ratio) of  cytosolic cyto-
chrome c from 0.08 ± 0.007 to 0.21 ± 0.03, 0.47 ± 0.04 
and 0.89 ± 0.05, respectively (Figure 9B).

Effect of tectorigenin on caspase-3, -8 and -9 activities 
in HepG2 cells
The apoptotic process included the activation of  cysteine 
proteases, which represent both initiators and executors 
of  cell death. Tectorigenin treatment caused a significant 
time- and dose-dependent increase in caspase-3 and -8 
proteolytic activity in HepG2 cells (Figure 10A and C). 
However, HepG2 cells treated with tectorigenin displayed 
a very slight increase in caspase-8 activity (Figure 10B).

DISCUSSION
I. tectorum is a kind of  widely planted flower, which has 
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Figure 6  Stimulation by tectorigenin of reactive oxygen species generation 
in HepG2 cells. Reactive oxygen species was measured using an oxidation-
sensitive fluorescent probe, DCFH-DA. Cells were treated with tectorigenin for 1, 
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SD (n = 6). Difference was considered statistically significant when aP < 0.05 and 
bP < 0.01 vs control.
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been used in traditional Chinese medicine as a folk pro-
ven prescription for curing liver-related illnesses. By 
chemical analysis, we found that tectorigenin is one of  
the main components in the rhizome of  I. tectorum (Fig-
ure 1) and another main component was tectoridin[11,17]. 
However, it has been reported that tectorigenin could be 
transformed from tectoridin by intestinal microflora[17]. 
Therefore, we hypothesized that the main active ingredi-
ent in the rhizome of  I. tectorum might be tectorigenin. 
In fact, tectorigenin has been reported to have in vivo 
hepatoprotective[18], estrogenic[19] and anti-inflammation 
activities[20], and pro-apoptotic effect on hepatic stellate 
cells[13]. Previous studies also have demonstrated a role 
for tectorigenin in regulating prostate cancer cell number 
by inhibiting proliferation through cell cycle regulation[21]. 
Tectorigenin also has pro-apoptotic effects and decreas-

es tissue invasion by up-regulation of  tissue inhibitor of  
metalloproteinase-3 in prostate cancer[22]. Therefore, its 
hepatoprotective activity and pro-apoptotic effect on he-
patic stellate cells made us believe that tectorigenin is the 
substance base of  the utilization of  I. tectorum rhizome 
in the treatment of  liver-related diseases. Considering 
that tectorigenin is one of  the main components in the 
rhizome of  I. tectorum (Figure 1) and I. tectorum has been 
used as a folk proven prescription for the treatment of  
liver cancer, we supposed that tectorigenin could be used 
for the treatment of  HCC. The present study revealed 
that tectorigenin possessed considerable pro-apoptotic 
effects on human HCC HepG2 cells and reinforced our 
hypothesis that tectorigenin is the substance base of  the 
utilization of  I. tectorum rhizome in the treatment of  liver 
cancer. Base on the results in the present study, we will 
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further investigate the in vivo anticancer effects of  tec-
torigenin. After 48 h of  incubation, IC50 of  tectorigenin 
against HepG2 cells was 11.06 mg/L and treatment with 
tectorigenin at 10 mg/L resulted in about 10% cell death 
of  the normal L02 cells (Figure 2). The dosage of  tec-
torigenin 10-15 mg/kg body weight is large enough to 
induce in vivo apoptosis of  cancer cells.

In this study, compared with the viability rate (Figure 
2), the high apoptotic cell percentage (Figure 5) suggest-
ed that induction of  apoptosis was the main mechanism 
of  the anti-proliferative effect of  tectorigenin in HepG2 
cells. The upstream apoptotic mechanism of  tectori-
genin in HepG2 cells was investigated based on the 
intracellular accumulation of  ROS. A previous study has 
found that mitochondria are the major organelle where 
ROS was generated and excessive ROS could lead to 
lipid peroxidation, oxidation of  proteins and DNA dam-
age[23]. Theoretically, as a consequence of  excessive ROS 
generation in cells, mitochondrial dysfunction should oc-
cur[24]. The intracellular ROS peaked when HepG2 cells 
were treated with different concentrations of  tectori-
genin for 3 h, then declined and when treated for 24 h it 
declined to the approximately normal level (Figure 6). As 
expected, significant dissipation of  MMP (Figure 8) was 
observed in the current study, indicative of  mitochon-
drial dysfunction. Excessive ROS could raise the Ca2+ 
concentration in the cytoplasm[25,26]. Marked elevation in 

Ca2+ then causes the new ROS formation[27-29]. On the 
other hand, the increased Ca2+ may also impair mito-
chondrial function[29-31], leading to a significant decrease 
in MMP. In this study, tectorigenin could significantly 
increase the [Ca2+]i in HepG2 cells.

In normal situation, cytochrome c resides in the mi-
tochondrial intermembrane and serves as a transducer 
of  electrons in the respiratory chain. However, the incre-
ment of  ROS and [Ca2+]i , and subsequent mitochondrial 
dysfunction result in cytochrome c release[32]. In the 
present study, release of  cytochrome c from mitochon-
dria to cytosol was detected (Figure 9). After release 
from mitochondria, cytochrome c could bind with Apaf- 
1 and participate in the activation of  caspase-9 (the ini-
tiator). The activated caspase-9 then activates caspase-3 
(the effector). Initiator caspases and effector caspases 
act together to augment the death signal and finally lead 
to apoptosis[31-36]. In this study, we detected enhanced 
caspase-3 and -9 activities in tectorigenin-treated HepG2 
cells (Figure 10A and C), which validated mitochondria-
mediated apoptosis pathway. Similarly, in the study of  
Zhou et al[6], troglitazone inhibited growth and induced 
apoptosis of  HepG2 cells in a dose-dependent man-
ner, and induced activation of  caspase-3 expression. 
Caspase-8 is an initiating caspase, which modulates the 
death receptor-dependent pathway. We found very mild 
increase in caspase-8 activity in tectorigenin-treated 
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HepG2 cells (Figure 10B), which suggested that a death 
receptor-mediated pathway might be excluded in the 
apoptosis of  HepG2 cells induced by tectorigenin. In 
the study of  Tsagarakis et al[37], 10-8 mol/L octreotide 
could significantly inhibit the proliferation of  HepG2 
cells and significantly increase caspase-3, caspase-8 and 
caspase-2 activities. In this study, tectorigenin increased 
the ROS production and Ca2+ concentration in cyto-
plasm of  HepG2 cells, the intracellular accumulation of  
ROS and Ca2+ further induced the loss of  MMP. The 
disruption of  MMP caused release of  cytochrome c 
from mitochondria to cytosol. Cytosolic cytochrome c 
activated the pro-caspase-9 and subsequently, caspase-9 
activated the downstream effector caspases-3, eventually 
triggered apoptosis of  HepG2 cells (Figure 11). In the 
study of  Tan et al[5], 5-allyl-7-gen-difluoromethylenechry-
sin was found to exert its apoptotic effect by activation 
of  Peroxisome proliferator-activated receptor gamma, 
down-regulation of  nuclear factor kappa B and Bcl-2 
protein expression, up-regulation of  Bax protein expres-
sion, and reduction of  the ratio of  Bcl-2 to Bax.

Our previous research showed that tectorigenin sup-
pressed the proliferation of  HSC-T6 cells and induced 
apoptosis of  HSC-T6 cells in a time- and dose-depen-
dent manner[13]. Tectorigenin at a concentration of  100 
mg/L greatly inhibited the viability of  HSC-T6 cells and 
induced the condensation of  chromatin and fragmenta-
tion of  nuclei[13]. In this study, tectorigenin could inhibit 
the viability of  HepG2 cells and induce apoptosis at a 
lower concentration of  20 mg/L. Furthermore, tectori-
genin-induced apoptosis of  HSC-T6 cells was associated 
with the generation of  ROS, increased intracellular [Ca2+]i, 
loss of  mitochondrial membrane potential, transloca-
tion of  cytochrome c, and activation of  caspase-9 and 

-3[13]. In this study, tectorigenin could induce apoptosis 
of  HepG2 cells by similar mechanisms. In contrast, in 
the study of  Zhou et al[6], troglitazone not only drove 
apoptosis-inhibiting factor survivin to translocate in-
completely from the nucleus to the cytoplasm, but also 
inhibited expression of  survivin, while it did not affect 
expression of  apoptosis-promoting factor Bax.

In conclusion, tectorigenin significantly inhibits the 
proliferation and induces apoptosis in human HCC 
HepG2 cells mainly via mitochondrial-mediated path-
way. These observations indicated that tectorigenin is a 
promising chemotherapeutic and chemopreventive agent 
for the treatment of  HCC.
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