
Summary
Purpose: To investigate whether taipeinine A (JNQ2), a 
C19-diterpenoid alkaloid prepared from the roots of Aco-
nitum taipeicum, has anticancer effects on hepatocellular 
carcinoma (HCC) and to study its probable anticancer 
mechanisms. 

Methods: JNQ2 activities were assessed on human HCC 
cell line (HepG2) by proliferative assay, cell cycle arrest as-
say, apoptosis analysis, cell invasion assay and Western 
blot analysis.

Results: The antitumor activity tests showed that JNQ2 
inhibited the proliferation of HepG2 cells in a dose- and 
time-dependent manner and blocked the cell cycle at the 

G1/S phase. High dosage of JNQ2 induced significant ap-
optosis of tumor cells. The invasiveness of HepG2 cells was 
also inhibited by JNQ2. The mechanism of JNQ2 antitumor 
effect at the molecular level was presumed to be the upregu-
lation of the protein expression of Bax and Caspase-3 and 
the downregulation of the protein expression of Bcl-2 and 
CCND1.

Conclusion: Our study suggests that JNQ2 has anticancer 
effects on HepG2 cells and it is a potential reagent for the 
treatment of HCC that merits further investigation.
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Introduction 

Medicinal plants have played an important 
role in the treatment of cancer. Alkaloids from 
medicinal plants are thought to possess important 
anticancer activities [1-3]. The plant Aconitum tai-
peicum Hand-Mzt. (Ranunculaceae) is an endemic 
species found in the Qinling Mountain of Shaanxi 
Province in China. The dried root of A.taipeicum, 
named Jinniuqi, has been used as aconite in the 
local area for the treatment of rheumatism, hyper-
kinesia, poisoning, immune disorders and cancer 
[4-6]. Alkaloids are the main component in Jinniu-
qi. In a preceding paper, we reported several new 
alkaloids separated from Jinniuqi and their an-
tileukaemic effects [7,8]. Among them, taipeinine 
A (Figure 1) was discovered to be the most active 
compound with IC50 lower than 10-6 [5]. Therefore, 
its anticancer properties need to be explored in 
depth. 

 HCC is the fifth most common cancer world-

wide. About 600,000 patients suffer from HCC 
annually [9,10]. It is also the third most frequent 
cause of cancer-related deaths [10]. Although par-
tial hepatectomy and liver transplantation were 
considered as the main curative treatments for 
years, only 15% of the patients are good candi-
dates for such treatment modalities [11]. The in-
cidence and mortality rates continue to rise all 
over the world [12,13] and this may be due in part 
to the ineffectiveness of the currently available 
chemotherapeutic drugs. Thus, new therapeutic 
agents derived from natural products for HCC pa-
tients are urgently needed because of their intrin-
sic advantages [14,15].

Methods

General

Nuclear magnetic resonance (NMR) spectra were 
recorded on a Bruker Avance III 500 NMR spectrom-
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eter (Bruker Corporation, Billerica, MA, USA) with te-
tramethylsilane as internal standard. High resolution 
electrospray ionization mass spectrometry (HR-ESI-
MS) was conducted using a Micromass Autospec Ulti-
ma TOF mass spectrophotometer (Micromass UK Ltd., 
Altrincham, UK). The melting point was acquired using 
micro melting point apparatus (Beijing Tech Instru-
ment Co. Ltd., Beijing, China). The materials used for 
column chromatography (CC) were polyvinyl sulfonic 
ion exchange resin (H-form, cross linking 001×7, Xi’an 
Sun resin Technology Ltd., Xi’an, China) and silica gel 
(SiO2; 200 300 mesh; Qingdao Marine Chemical Facto-
ry, Qingdao, China). Thin layer chromatography (TLC) 
was conducted using glass precoated with silica gel 
(GF254; 10 40 mm; Qingdao Marine Chemical Factory, 
Qingdao, China).

Plant material 

The roots of A. taipeicum were collected from the 
Qinling Mountain, Shaanxi Province, China, in Septem-
ber 2011 and authenticated by Dr. Juxian Lu, Faculty of 
Pharmacy, Medical College of Xi’an Jiaotong University 
(Xi’an, China). The voucher specimen was retained at 
the Department of Pharmacy, Medical School of Xi’an 
Jiaotong University for future reference. 

Cell culture

Human hepatoma cell line HepG2 was obtained 
from the Shanghai Institute of Biochemistry and Cell 
Biology, Chinese Academy of Sciences (Shanghai, Chi-
na). HepG2 cells (5.0x104 cells/ml) were cultured in 
RPMI 1640 supplemented with 10% fetal bovine se-
rum (FBS), containing 2.0 mmol/l glutamine and 1% 
penicillin streptomycin in 5% CO2 at 37 ºC, and were 
allowed to adhere for 24 hrs. The experiments were 
divided into the following 5 groups in the cell prolif-
eration assay (MTT assay): Negative control (dimethyl 
sulfoxide; DMSO); positive control (15 μmol/l oxalipla-
tin); low dosage JNQ2 (7.5 μmol/l); middle dosage JNQ2 

(15 μmol/l); and high dosage JNQ2 (30 μmol/l). Howev-
er, the low-dosage group was omitted in other assays 
due to its low effi  ciency in the MTT assay.

Extraction and isolation 

The dried and powdered roots (2.25 kg) of A.taipei-
cum were fi ltered with 0.05 mol/l HCl (22 liter) using 
the method reported previously by Fang and Huo [13]. 
The fi ltrate (18 liter) was added to polyvinyl sulfon-
ic ion exchange resin column at a speed of 5 ml/min. 
Then, the resin column was washed repeatedly with 
deionized H2O. The air-dried resin was then alkalized 
with 10% aqueous NH₃·H2O (0.5 liter) and extracted 
with ethanol. Aft er evaporation, the total crude alka-
loids (14.88 g) were obtained. The crude alkaloids (14 g) 
were chromatographed over silica gel (550 g) column 
eluting with CHCl₃–MeOH (50:1–3:5) gradient system 
to give A1–A25 fractions. Taipeinine A (JNQ2) was 
isolated from fraction A6 by using a silica gel column 
which was eluted with ethyl acetate–MeOH (23:1).

Taipeinine A (JNQ2): white amorphous powder; melt-
ing point 84.8-86.0 ºC; ¹H and ¹³C NMR (500 MHz, CDCl₃); 
Table 1); HR-ESI-MS mass to charge ratio (m/z) 452.3016 
([M+H]⁺, C25H₄0NO₆⁺; calc.452.3011; Table 1).

Figure 1. Chemical structure of taipeinine A (JNQ2).

Figure 2. Antiproliferative activity of JNQ2 on HepG2 
cells. A: Dose-dependent eff ect of JNQ2 on HepG2 cells 
for 24hrs when cell viability was determined by the 
MTT assay; B: Time-dependent eff ect of JNQ2 on HepG2 
cells for 3 d when the cell viability was determined by 
the MTT assay. *p<0.05 compared to positive control, 
**p<0.01 high dosage group vs positive control.
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Antiproliferative activity assay for cell viability 

HepG2 cells (2x104 cells/well) were seeded in 96 
well plates. Following overnight incubation, test sub-
stances were added and the incubation continued at  
37  ºC in an atmosphere containing 5% CO2 for 3 days. 
Subsequently, 20 μl 3 (4,5 Dimethylthiazol 2 yl) 2,5 di-
phenyltetrazolium bromide (MTT, Sigma Aldrich, St. 
Louis, MO, USA) solution (5 g/l) was added into each 
well and incubated for an additional 4 hrs. Supernatants 
were removed and formazan crystals were dissolved in 
200 μl DMSO. The optical density was measured at 490 
nm using a POLARstar Optima (BMG Labtech GmbH, 
Ortenberg, Germany).

Cell cycle and apoptosis analysis 

Cell seeding and treatment were the same as in the 

MTT assay. After 3 days of treatment, cells were har-
vested by trypsinization and 1×106 cells were counted 
and used for the analysis. Cells were fixed in ice cold 
ethanol overnight at 4 ºC following washing with PBS. 
The cells were then washed in PBS again and incubated 
in 1 ml staining solution (20 μg/ml propidium iodide 
and 10 U/ml RNase A) for 30 min at room temperature. 
The cells were examined by fluorescence activated cell 
sorting (FACS) using a flow cytometer (FACSort; Becton 
Dickinson, Franklin Lakes, NJ, USA), and the cell cycle 
populations were determined using ModFit software 
(Verity Software House, Turramurra, Australia). 

For the analysis of apoptotic cell populations, cells 
were trypsinized and washed in PBS. Staining with 
Alexa Fluor 647 Annexin V (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA) and propidium iodide was per-
formed in 20 mmol/l HEPES buffer (pH 7.4), containing 

Table 1. NMR data of JNQ2. δ in PPM, J in Hz 

No. δH δC 1H-1H COSY HMBC (H→C)

1 3.00 dd 86.21 d H-2 C-2, C-10, C-11, C-17, 1-OCH3

2 1.94 m
2.27 m 25.97 t H-1, H-3 C-1, C-3

3 1.52 m
1.66 m 35.27 t H-2 C-1, C-2, C-4, C-18, C-19

4 -- 39.44 s -- --

5 2.21 m 48.65 d H-6 C-6, C-8, C-10, C-12, C-13, C-14, C-15

6 4.20 d 82.35 d H-7, H-5 C-4, C-7, C-8, C-17, 6-OCH3

7 2.04 m 52.59 d H-6, H-17 C-5, C-6, C-8, C-9, C-15, C-17, C-19

8 -- 72.53 s -- --

9 2.03 m 50.36 d H-10, H-14 C-1, C-7, C-8, C-10, C-11, C-12, C-15, C-16 

10 1.72 m 45.59 d H-12, H-9 C-1, C-5, C-7, C-8, C-9, C-11, C-12

11 -- 50.25 s -- --

12 1.85 m 
1.98 m 28.34 t H-10, H-13 C-9, C-10, C-11, C-13, C-14, C-16

13 2.30 m 37.88 d H-12, H-14, H-16 C-10, C-14, C-15, C-16

14 4.12 t (4.5) 75.58 d H-13, H-9 C-8, C-16

15 2.08 m
2.45 m 38.81 t H-16 C-7, C-8, C-9, C-13, C-16

16 3.40 m 82.05 d H-13, H-15 C-8, C-14, 16-OCH3

17 3.13 s 62.66 d H-7 C-1, C-6, C-8, C-10, C-11, C-19

18 3.33 ABq
3.71 ABq 80.77 t -- C-3, C-4, 18-OCH3, C-19

19 2.50 m
2.63 m 53.80 t -- C-3, C-4, C-5, C-18

21 2.47 m
2.52 m 49.33 t H-22 C-17, C-19, C-22

22 1.06 t (7.2) 13.75 q H-21 C-21

1-OCH3 3.24 s 56.20 q -- C-1

6-OCH3 3.34 s 57.33 q -- C-6

16-OCH3 3.30 s 56.42 q -- C-16

18-OCH3 3.30 s 59.24 q -- C-18

δ: chemical shift, δΗ: the chemical shift of proton, δc: the chemical shift of carbon, PPM: part per million (a unit for chemical shift), J: 
coupling constant, HZ: Hertz (a unit for coupling constant), M: Multiplet, ABQ: AB coupling mode and quartet, T: Triplet, S: Singlet, 
Q: Quartet, 1H-1H COSY: proton-proton correlation spectroscopy, HMBC (H→C) for proton-carbon correlation spectroscopy (from 
proton to carbon)
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150 mM NaCl and 2.5 mmol/l CaCl2, for 15 min at room 
temperature. The cells were examined by FACS using 
a fl ow cytometer (FACSort; Becton Dickinson), and the 
apoptotic populations were determined using ModFit 
soft ware (Verity Soft ware House). 

Cell invasion assay 

Cell invasion was evaluated using the Chemicon 
QCM™ 24 well collagen based cell invasion assay (Mil-
lipore, Billerica, MA, USA) according to the manufac-
turer’s instructions. In brief, 0.3 ml serum free medium 
was added to the interior of each insert to rehydrate 
the collagen layer for 30 min at room temperature. The 
medium was then replaced with 0.3 ml prepared serum 
free cell suspension containing 3.0x10⁵ cells and the 
corresponding test substances. Medium (500 μl) con-
taining 10% FBS was added to the lower chamber and 
the cells were incubated for 24 hrs at 37 ºC. Following 
this, all non invaded cells were removed from the in-
terior of the insert and the invaded cells were stained 
with crystal violet. The stained cells were analyzed on 
an Olympus fl uorescence microscope (BX43; Olympus 
Corporation, Tokyo, Japan). 

Western blot analysis 

Cell seeding and treatment were the same as in 
the MTT assay. Aft er 3 days of treatment, cells were 
harvested and washed in PBS. Cell protein lysates were 
separated in 10% SDS polyacrylamide gels and elec-
trophoretically transferred to polyvinylidene difl uoride 
membranes (Roche Diagnostics, Mannheim, Germany). 
The lysates were then detected using rabbit polyclon-
al antibodies that were specifi c for Bcl 2, BAX, caspase 
3 and CCND1 (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) and a commercial ECL kit (Pierce Bi-
otechnology, Inc., Rockford, IL, USA). Protein loading 
was estimated by human anti β actin monoclonal anti-
body (Santa Cruz Biotechnology, Inc., USA). 

Statistics 

Statistical analyses were performed by one way 
ANOVA test followed by Fisher’s protected least signif-
icant diff erence post hoc test for multiple comparisons 
using the StatView program (Abacus Concepts, Berke-
ley, CA, USA). A p-value< 0.05 was considered to indi-
cate a statistically signifi cant diff erence.

Results 

Cell growth inhibition 

To evaluate the antitumor role of JNQ2 on 
human hepatoma cells, antiproliferation and 
colony formation assays were employed to de-
tect the growth of HepG2 cells at diff erent time 
points aft er treatment with JNQ2 in various con-
centrations. The results showed that JNQ2 exhib-

ited growth inhibitory eff ect on HepG2 cells in 
a dose- and time-dependent manner. Aft er 24-h 
treatment, the optical density value of the high 
dosage group (JNQ2 30 µmol/l) was signifi cant-
ly lower than that of the negative control group 
(p<0.01), and even signifi cantly lower than that of 
the positive control group (p<0.05) (Figure 2A). 
The time-eff ect curve also demonstrated the an-
tiproliferation ability of JNQ2 (Figure 2B). High 
dosage of JNQ2 (30 μmol/l) kept the cell growth 
in a very low level during 72 hrs, while the middle 
dosage (15 μmol/l) did its job as well as the posi-
tive control. The colony formation results shown 
in Figure 3 further confi rmed that a high dosage 
of JNQ2 could inhibit the growth of HepG2 cells. 
These data suggest that JNQ2 had an inhibitory 
eff ect on the proliferation of hepatoma cells.

JNQ2-induced G0/G1 cell cycle arrest 

To explore the mechanism underlying 
JNQ2-suppressed cell proliferation, we further in-
vestigated the impact of JNQ2 on cell cycle pro-
gression by FACS. The results are presented in 
Figure 4A. Aft er treatment with high and middle 
dosages of JNQ2, especially the high dosage, the 
cell cycle shift ed from a high S phase to a high G1 
phase, together with an accumulation of a G2/M 
phase population, whereas little eff ect on the cell 
cycle was observed in the control groups. These 
results indicate that JNQ2 blocked the G1/S tran-
sition. 

JNQ2-induced HepG2 cell apoptosis 

To examine the eff ect of JNQ2 on the apopto-

Figure 3. Colony formation of HepG2 cells aft er 
treatment with DMSO (A), oxaliplatin (B) and diff erent 
concentrations of JNQ2 (C: 30μmol/L and D: 15μmol/L) 
for 3 days. Formazan crystals were produced only in the 
living cells aft er MTT was added. Therefore, the more 
the intense density, the more the living cells. In the 
photo, the negative control group and the low-dosage 
group showed the heaviest density. The positive con-
trol group showed lighter density, while the density of 
the high-dosage group was the lightest. These fi ndings 
showed that the high-dosage of JNQ2 inhibited the col-
ony formation of HepG2 cells and its eff ect was stronger 
than that of the positive control. 
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sis, we treated hepatoma cells with JNQ2 at diff er-
ent concentrations. Compared with the cells treated 
with control groups, cells treated with JNQ2 at the 
concentration of 30 μmol/l displayed higher apop-
totic rates, whereas the cells that were treated with 
15 μmol/l JNQ2 exhibited a similar apoptotic rate as 
oxaliplatin (Figure 4B). In the 30 μmol/l JNQ2-treat-
ed group, the number of cells at the early stage of 
apoptosis signifi cantly increased (p<0.01, compared 
with the negative control), while in the positive and 
15 μmol/l JNQ2-treated groups the number of cells 
at the early stage increased slightly and there were 
no signifi cant diff erences between them and the neg-
ative control group. Cells number at the late stage 
of positive and JNQ2-treated groups also increased 
slightly. These data showed that JNQ2 induced ap-
optosis in human hepatoma cells in a dose-depend-
ent manner. 

JNQ2 inhibits cancer invasion in vitro 

Cancer invasion is the process in which cells 
break away from the primary tumor and migrate 

Figure 5. The invasion inhibition eff ect of JNQ2 on 
HepG2 cells. A: Control group (-). DMSO didn’t inhibit 
the invasion of HepG2 cells, so that there were most 
crystal violet stained cells in the photo; B: Control group 
(+). The inhibitory eff ect of oxaliplatin resulted to only 
some amount of HepG2 cells invasion; C: 30μmol/L 
JNQ2. High-dosage of JNQ2 showed the strongest inva-
sion inhibition eff ect on HepG2 cells and the cytotoxic 
eff ect almost killed all the invading cells. Therefore, 
the crystal violet stain faded; D: 15μmol/L JNQ2. With 
lower concentration the inhibitory eff ect of JNQ2 was 
also reduced, but the amount of the stained cells was 
still lower than that in the negative control group; E: The 
optical density values of diff erent groups aft er 24hrs of 
treatment with JNQ2 or control. In the collagen based 
cell invasion assay, the invading cells were stained with 
crystal violet. The more the stained cells, the higher the 
optical density. The negative control group gave the 
highest bar, whereas the high-dosage group gave the 
lowest (**p<0.01 compared to negative control). Lower 
concentration of JNQ2 shows higher optical density, 
but still lower than that of the negative control (*p<0.05 
compared to negative control).

Figure 4. Eff ect of JNQ2 on the cell cycle and apopto-
sis of HepG2 cells. A: JNQ2-induced G0/G1 cell cycle 
arrest in HepG2 cells. Eff ects of JNQ2 on the cell cycle 
distribution aft er 24hrs treatment with various concen-
trations; B: JNQ2-induced apoptosis of human hepatoma 
HepG2 cells aft er 24hrs of treatment, with data showing 
the percentages of normal cells, early and late apoptotic 
cells and necrosis.
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through the surrounding tissue. This enables the 
cancer cells to move into blood vessels and travel 
through the body, possibly establishing a second-
ary tumor at another site. To determine whether 
JNQ2 could inhibit invasion, HepG2 cells were 
treated with diff erent concentrations of JNQ2, 
and the control groups were treated separately. 
Remarkably, the invasion was inhibited by high 
concentration of JNQ2, whereas migration was 
not altered in the cells that were treated with the 
negative control (Figure 5). These results strong-
ly suggest that JNQ2 inhibited the invasion of 
HepG2 cells.

Western blotting

To clarify the apoptotic mechanism of JNQ2 
on HepG2 cells, western blot was performed to 
examine the protein expression level of Bcl-2, 
Bax, Caspase-3, and CCND1 (cyclin D1). The cells 
that were treated with JNQ2 had upregulated Bax 
and Caspase-3 expression as compared with the 
negative control cells. This result could explain 
why JNQ2 inhibited the growth of HepG2 cells, 
and this function could relate to the mitochon-
drial pathway-induced apoptosis. Conversely, the 
protein levels of Bcl-2 and CCND1 were decreased 
with JNQ2 treatment (Figure 6). The apoptotic ef-
fect of JNQ2 was proven by the upregulation of 

Bax and downregulation of Bcl-2. Based on the 
G0/G1 arresting capability, the downregulation 
of CCND1 could provide an explanation. These re-
sults suggest that JNQ2 could exhibit its apoptot-
ic eff ect by upregulation of Bax and Caspase-3 and 
downregulation of Bcl-2 and CCND1.

Discussion

A. taipeicum has been used in popular medi-
cine for the treatment of rheumatism and hyper-
kinesias [14]. In previous reports, the plants of the 
aconitum genus had shown diff erent activities 
such as antitumor [17,18], analgesic [19,20], anti-
infl ammatory [21,22], antiepileptic [23], and oth-
ers. However, no report about the effi  ciency of A. 
taipeicum in HCC appears in the literature.

Herein, we examined the anticancer activity 
of a C₁₉-diterpenoid alkaloid taipeinine A, isolat-
ed from A. taipeicum, in the HepG2 cells. The data 
presented here showed that JNQ2 could inhibit the 
proliferation of HepG2 cells. Specifi cally, JNQ2 af-
fected the cell cycle by arresting the cells in the 
G0/G1 phase, thus inducing apoptosis. Cancer cell 
invasion was also inhibited by JNQ2, especially at 
a high concentration (30 μmol/l). Taken together, 
these results demonstrate an outstanding antitu-
mor activity of JNQ2. The regulatory eff ects of 
JNQ2 upon apoptosis-related protein targets, in-
cluding Bcl-2, Bax, Caspases-3 and CCND-1, were 
measured to determine its antitumor mechanism 
at the molecular level.

As we know, Bcl-2 is an antiapoptotic gene 
[24-28]. Bcl-2 is closely related to cell apoptosis 
[29,30], as well as closely associated with the mi-
tochondrion [31,32]. Bax, which can induce cell 
apoptosis, also belongs to the Bcl-2 family. The 
ratio of Bcl-2/Bax is the determining factor of an-
tiapoptosis for cells [33]. Our results showed that 
JNQ2 treatment signifi cantly upregulated the ex-
pression of Bax protein and downregulated that of 
Bcl-2. This suggests that JNQ2 acts on the Bcl-2/
Bax genes to exert its apoptotic eff ect.

Caspase-3, a key regulatory protease upon 
which many signaling pathways merge for the 
execution of apoptosis, participates in apoptosis 
induced by Bcl-2/Bax, p38 and JAK-STAT [34,35]. 
We detected the protein expression of caspase-3 in 
HepG2 cells aft er treatment with JNQ2 and identi-
fi ed the upregulated eff ect. These results suggest 
that JNQ2 induced apoptosis of human hepatoma 
HepG2 cells via the mitochondrial pathway.

CCND1 is a cell cycle control protein that 
mainly aff ects G1 progression and G1/S transition. 

Figure 6. The regulatory eff ects of JNQ2 on apopto-
sis-related proteins in HepG2 cells. Blots of BCL-2 and 
CCND1 in the high-dosage group were clearly smaller 
than those in the negative control. Meanwhile, blots 
of BAX and Caspase-3 in the high-dosage group were 
much larger. The positive control group showed similar 
expression to that of the high-dosage group, but not that 
strong. With the reduction of dosage, the infl uence of 
JNQ2 to the protein expression was weaken. 
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This cyclin forms a complex with and functions as 
a regulatory subunit of CDK4 or CDK6, whose ac-
tivity is required for cell cycle G1/S transition. Its 
overexpression may contribute to tumorigenesis 
[36]. Therefore, JNQ2 showed its ability to block 
the G1/S phase transition by downregulating the 
expression of CCND1.
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