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Cytotoxicity and apoptosis induction of weisiensin B isolated from Rabdosia
weisiensis C.Y. Wu in human hepatoma cells

Lan Dinga*, Shi-Dong Zhanga, Dong-Juan Yangb, Bo Liua, Qi-Yin Zhoua and Hong Yanga

aCollege of Life Sciences, Northwest Normal University, Lanzhou, China; bBiology Department, Hanshan
Normal University, Chaozhou, China

(Received 16 January 2008; final version received 13 June 2008 )

Weisiensin B, a new ent-kaurane diterpenoid, was isolated from traditional Chinese herb
Rabdosia weisiensis C.Y. Wu. In this study, cytotoxicity of weisiensin B was tested on four
different tumor cell lines and the effect of growth inhibition and apoptosis in BEL-7402 cell
line were investigated in vitro. The results indicated that weisiensin B had significant
antiproliferation activity on the four cell lines. Further study on BEL-7402 cells involving
Hoechst 33258 stain and DNA fragmentation assay revealed the characteristic apoptotic
features of nuclear and DNA ladder formation. Flow cytometric (FCM) analysis with
propidium iodide (PI) staining demonstrated that BEL-7402 cells treated with weisiensin B
were arrested in G2/M phase. The results demonstrated that a significant fraction of weisiensin
B-treated cells died by an apoptotic pathway in BEL-7402 cells.
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1. Introduction

Malignant neoplasms still remain as the

leading cause of death in many countries. At

present, there is an increasing effort for the

isolation of bioactive microchemicals from

medicinal plants for their possible usefulness

in the control of various ailments [1]. Herbal

drugs have been widely used for thousands of

years in traditional Chinese medicine for the

treatment of human diseases. Genus Isodon

(Labiatae) contains a large amount of ent-

kaurane diterpenoids, and more than 400 ent-

kaurane diterpenoids have been isolated from

the plants. Many of these diterpenoids display

various biological activities, such as antibac-

terial, anti-inflammatory, and, especially,

antitumor actions [2]. Oridonin, one of the

extensive-reported antitumor ent-kaurane

diterpenoids [3], was isolated from Rabdosia

rubescensHems1 that was used as a traditional

herb in the treatment of gastric tumor in China.

Its various antitumor mechanisms were

reported in recent years, which include

changing Bcl-2 and Bax levels, NF-kB,

caspase-3, and the Ras/Raf1-dependent path-

way activation, and so on [4–6]; but there are

few reports about the antitumor mechanism of

other new ent-kaurane diterpenoids.

Weisiensin B (Figure 1), a new ent-

kaurane diterpenoid reported first in our

laboratory [7], was isolated from R. weisien-

sis C.Y. Wu., which is one of the Isodon

family, and sulforhodamine B (SRB) assay

showed that it has strong cytotoxicity against

human tumor cells BEL-7402 and HO-8910.

The aim of this study was to investigate the

effects of weisiensin B on human tumor cells,

including the inhibitory roles on growth,

proliferation, apoptosis induction, and the

changes in cell cycle.
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2. Results and discussion

2.1 IC50 values of weisiensin B in different
tumor cell lines

Cytotoxicity determining, a common method to

evaluate the biological activities of nature

products, is helpful to confirm whether plant

extracts have potential antineoplastic properties

[8]. To gain an insight into the effect of

weisiensin B, we compared the antiproliferation

effects of weisiensin B on four tumor cell lines in

vitro. The antiproliferative SRB assay was

performed to assess growth inhibition by a

colorimetric assay that estimates cell number

indirectly by staining total cellular protein with

the dye SRB. The SRB assay showed that this

diterpene has different cytotoxic activities to

these human cancer cell lines in vitro. Four

different cell lines (BEL-7402, HO-8910, SGC-

7901, and HepG2) were used to determine the

cytotoxicity of weisiensin B and 50% inhibitory

concentration (IC50) is shown in Table 1.

2.2 Growth inhibition of weisiensin B in
BEL-7402 cells

BEL-7402 cells were treated with different

concentrations of weisiensin B for different

times. The SRB assay shows a significant

antiproliferative effect (Figure 2A). The IC50

value of weisiensin B in BEL-7402 cells was

(10 ^ 0.20) mmol/l (Table 1). The cell

viability was also evaluated at indicated

time respectively based on the ability of the

cells to exclude trypan blue. Weisiensin B led

to a time- and dose-dependent diminution of

cells, indicating its ability to weaken

proliferation potential of this tumor cells

(Figure 2B).

2.3 Apoptosis induced by weisiensin B in
BEL-7402 cells

Figure 3 shows the representative mor-

phology of BEL-7402 cells when exposed to

Figure 1. Chemical structure of weisiensin B.

Table 1. IC50 values of weisiensin B in several
cultured cell lines.

Cell lines IC50 (mmol/l)

BEL-7402 10.0 ^ 0.20
HO-8910 32.0 ^ 0.70
SGC-7901 4.34 ^ 0.23
HepG2 3.24 ^ 0.18

Figure 2. Growth inhibitions of weisiensin B in
BEL-7402 cell line. (A) BEL-7402 cells were
treated with weisiensin B at the indicated
concentrations for 48 h. The growth inhibition
rate was determined by SRB assay. Each point is
the mean of three replicates; bars represent the SD.
(B) Number of viable cells measured by trypan
blue exclusion method. Each column represents
the mean of the data from three replicates and bars
represent the SD. þP , 0.05, þþP , 0.01 versus
control.
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weisiensin B (20mmol/l) for 48 h. The control

BEL-7402 cells appeared normal, with the

nuclei round and homogeneous (Figure 3A).

After treatment, the cells exhibited the

characteristic features of apoptosis, such as

condensation of nuclear chromatin, nuclear

fragmentation, and formation of some blocks

of condensed chromatin in the leaflet of

nuclear membrane (Figure 3B).

The regulated DNA fragmentation or

internucleosomal DNA cleavage is a promi-

nent feature of apoptosis. So, apoptosis was

evaluated by the induction of DNA fragmen-

tation. Figure 4 showed the typical DNA

fragmentation when BEL-7402 cells were

treated with the same concentration of

weisiensin B for a specific time. It showed

the more treated time, the more noticeable the

DNA ladder became. Thus, the results

demonstrated that weisiensin B induced

endonucleolytic DNA cleavage in a time-

dependent manner.

2.4 Effects of weisiensin B on cell cycle
distribution

The distribution of cell cycle was examined at

the indicated times. At a concentration of

20mmol/l, weisiensin B induced a time-

dependent increase of G2/M cell population

in BEL-7402 cells from 0 to 24 h, while

a decrease of G2/M cell population after 24 h

was observed. The number of G2/M cells were

5.8 ^ 1.25, 14.9 ^ 1.83, 40 ^ 4.36, and

17 ^ 1.4% at 0, 12, 24, and 48 h, respectively.

Figure 5 also shows a hypodiploid (sub-G1)

population increase from 1.6 ^ 1.1% at 48 h

to 11.2 ^ 3.1% at 72 h, but no G2/M cells were

detected at 72 h. The difference between the

control and the treatment was statistically

significant (P , 0.05).

As shown in Figure 6, after treatment with

weisiensin B for 24 h, the percentage of cells

with hypodiploid DNA was 7.3 ^ 1.18%. For

another 24 h, the percentage became

28.1 ^ 3.4%. But when cells were treated for

60 h, the number of apoptotic cells deceased to

15.4 ^ 2.65% (P , 0.05 versus control). It

indicated when treated with Weisiensin B at

the concentration of 40mmol/l within 48h the

apoptosis in BEL-7402 cells was increased in a

time-dependent manner.

2.5 Discussion

Apoptosis is the process of programmed cell

death with a tightly gene-controlled program.

Defective apoptosis represents a major causa-

tive factor in the development and progression

of cancer [9]. Based on the understanding of

cancer intervention, induction apoptosis have

emerged in the fields of cancer chemopreven-

tion and chemotherapy, and it is considered

to be crucial targets of current drug develop-

ment [9] and a promising approach of cancer

therapy [10]. Uncontrolled cellular growth

and proliferation are key properties of carcino-

genesis [11], and the effectiveness of cytotoxic

drugs on malignant cells is often associated

Figure 3. Nuclear morphology of BEL-7402
cells. (A) Control. (B) Apoptotic cells observed
under a fluorescence microscope after 48-h
treatment with 20mmol/l of weisiensin B.

Figure 4. DNA fragmentation of apoptotic BEL-
7402 cells treated with 20mmol/l weisiensin B for
the indicated time. M represents DNA marker.
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with their capacity to inhibit cellular prolifer-

ation [12]. The IC50 values showed that HepG2

(3.24 ^ 0.18mmol/l) and SGC-7901 (4.34 ^

0.23mmol/l) are more sensitive to weisiensin B

than the HO-8910 (32 ^ 0.70mmol/l) and

BEL-7402 (10 ^ 0.20mmol/l) cancer cell

lines. It was reported that oridonin, an ent-

kaurane diterpenoid isolated from the genus

Rabdosia, was about 27mmol/l when its

inhibitory rate reached 50% on BEL-7402 at

48 h [4]. The results of antiproliferative assay

suggested that weisiensin B has extensive and

strong cytotoxicity to human tumor cells.

According to the statistics of the World

Health Organization, about 6,350,000 cancer

cases were reported in the world each year, 4%

of which are hepatocellular carcinoma and

42% occur in China [13]; so, further study of

weisiensin B in BEL-7402 cell line was

specialized in the following works. A growth

inhibition in BEL-7402 cells was observed

after 48 h exposure to weisiensin B at some

dose, and growth inhibition rate is dose

dependent as shown in Figure 2A. At the

same time, the cells’ viability was also

determined as shown in Figure 2B. With

increasing exposure time, there was a

significant decrease in cell viability in the

presence of weisiensin B at 5, 10, and

20mmol/l. Especially, when cells were treated

with 20mmol/l weisiensin B, a marked lethal

effect was observed after indicated times. So,

the reduction in cell viability is in a time- and

dose-dependent manner.

An important biochemical hallmark of

apoptosis is the fragmentation of genomic

DNA into integer multiples of 180–200 bp

units, resulting in a characteristic ladder on

agarose gel electrophoresis. The DNA ladder

is often considered the definitive biochemical

marker for apoptosis [14]. The agar gel

electrophoresis was therefore conducted in

the experiment and it was found that

weisiensin B can induce BEL-7402 cells

apoptosis with concentration of 20mmol/L at

48 and 72 h (Figure 4). At the same time,

FCM assay also indicated that cells entered

into apoptosis when treated with 20mmol/l

Figure 5. Effects of weisiensin B (20mmol/l) on cell cycle distribution in BEL-7402 cells for indicated
times. Representative of three similar experiments with triplicates.
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weisiensin B, and sub-G1 cells reached 1.6

and 11.2% at 48 and 72 h, respectively

(Figure 5). In Figure 6, sub-G1 cells reached

7.3% at 24 h when they were treated with the

concentration of 40mmol/l weisiensin B, and

this is higher than 48-h treatment of 20mmol/l

weisiensin B. At 48 h, apoptotic rate went up

to 28.1% with treatment of 40 mmol/l

weisiensin B, but it is just 11.2% with the

treatment of 20mmol/l weisiensin B at 72 h.

These results suggested that apoptosis

induced by weisiensin B is time and dose

dependent just within 48 h. When cells were

treated with 40mmol/l for 60 h, a decreased

apoptosis rate was observed (Figure 6; 60 h).

Maybe it is a result of failing to detect

the apoptotic cells that have disintegrated

with treatment of higher concentration drugs

in vitro. Additionally, nuclear morphology is

the most accurate indicator of the involve-

ment of apoptosis in cell death [15], and the

typical feature of programmed cell death [16]

was demonstrated by Hoechst 33258 stain in

drug-treated cells (Figure 3B).

In recent years, considerable advances

have been made in cell cycle progression, and

Figure 6. Apoptosis induced by weisiensin B (40mmol/l) in BEL-7402 cells at the indicated time.
Representative of three similar experiments with triplicates.
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inhibition of deregulated cell cycle pro-

gression in cancer cells was considered an

effective strategy to halt tumor growth [17].

Actually, many traditional pharmacological

agents induce cell death by regulating cell

cycle progression [18]. It was reported that

oridonin, which was isolated from the

traditional Chinese herb Isodon rubescens,

exhibits antitumor activity through inducing

cycle arrest in G1 phase [19] and G2/M phase

[20], and progression from S to G2/M phase

[21] in different cell lines. In this report, the

flow cytometric (FCM) assay indicated that

cells treated with 20mmol/l weisiensin B

were arrested in G2/M phase firstly, then the

G2/M cells declined and apoptotic cells

increased (Figure 5). But, when the drug

concentration was increased to 40mmol/l,

cells treated with weisiensin B underwent

apoptosis in a time-dependent manner (Figure

6). Interestingly, the apoptosis rates are close

when the cells were treated with 40mmol/l for

24 h and 20mmol/l for 72 h. Cell cycle kinetic

studies revealed that the blockade of G2/M

progression is a requisite step for the

subsequent apoptosis [22,23], and apoptosis

is an end point of stalled cell cycle

progression in most cases [24]. Here, the

FCM assay indicated that there is a marked

G2/M arrest, firstly when the cells were treated

with weisiensin B, then apoptosis follows, and

apoptosis can be boosted when the cells were

treated with high drug concentration. Our

speculation is that weisiensin B induces

apoptosis through G2/M arrest in BEL-7402

cells, and the drug-treatment concentration is

a hinge between G2/M arrest and apoptosis.

2.6 Conclusion

Together, it was demonstrated that weisiensin

B inhibited the proliferation of BEL-7402

cells in vitro in dose- and time-dependent

manners. Based on the morphological

changes, DNA fragmentation, and cell cycle

distribution assay, it was indicated that a

significant fraction of weisiensin B-treated

cells died by an apoptotic pathway. But it is

not fully understood how weisiensin B causes

BEL-7402 cells to undergo G2/M arrest and

apoptosis. Elucidating the molecular basis

about the apoptotic sensitivity of tumor cell

will be important for understanding the

process of tumor progression and also for

applying the basic knowledge of tumor to

clinical and therapeutic welds [25]. Therefore,

further study on apoptosis induced by

weisiensin B is needed.

3. Experimental materials and methods

3.1 Materials

RPMI-1640 medium was obtained from

Gibco Invitrogen Corporation (Carlsbad,

CA, USA), and fetal bovine serum was

obtained from Sijiqing Biotech Co. (Hang-

zhou, China). Hoechst 33258, SRB, propi-

dium iodide (PI), and RNase A were obtained

from Sigma Chemical Co. (St Clara, CA,

USA). Proteinase K and agarose gel were

purchased from BBI (Markham, Canada), and

DNA marker from Promega Corporation

(Madison, WI, USA). Weisiensin B was

isolated from the leaves and twigs of

R. weisiensis C.Y. Wu. and its structure was

established on the basis of modern spectro-

scopic methods.

3.2 Cell cultures

BEL-7402, HO-8910, SGC-7901, and HepG2

cells were cultured in RPMI-1640 medium

supplemented with 10% fetal bovine serum

(v/v), penicillin (100 IU/ml), and streptomy-

cin (100mg/ml). Cultures were maintained in

a humidified incubator at 378C with 5%

CO2/95% air.

3.3 SRB assay

A SRB assay was performed as described

previously [26]. In brief, cells (2 £ 104

cells/ml) were inoculated into 96-well plates.

After 24 h, a plate of cells was fixed with 50ml

of 10% trichloroacetic acid (TCA) solution per

well at 48C for 1 h, and it represented a

measurement at the time of drug addition. After

incubation with the drug for another 48 h, cells
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were directly fixed and the plates were washed

five times with distilled water and air-dried.

One hundred microliters of SRB solution (0.4%

in 1% acetic acid) was added to each well of the

96-well microplates. Staining was done at room

temperature for 10 min. Residual dye was

washed out with 1% acetic acid and air-dried.

To each well, 100 ml of Tris solution

(10 mmol/l, pH 10.5) was added, and the

absorbance was read at a wavelength of

520 nm. Using the following absorbance

measurements, such as time zero (T0), control

growth (C), and cell growth in the presence of

compounds (Tx), the percentage growth was

calculated at each of the compound concen-

tration levels. Percentage growth inhibition was

calculated as ((Tx 2 T0)/(C 2 T0)) £ 100%

(Tx $ T0). Each drug concentration was tested

in triplicate.

3.4 Cell viability

The cells were dispersed at a final concen-

tration of 1 £ 105 cells/ml and inoculated in

six-well plates. After 24 h, metabolite was

replaced with fresh medium and various

concentrations of weisiensin B were added to

each well in triplicate. After incubation for

the indicated times, the viable cells were

counted by the trypan blue exclusion method.

3.5 Detection of apoptosis

Cells (1 £ 105 cell/ml) were exposed to

weisiensin B for 24 h, collected by centrifu-

gation at 800 r/min for 5 min, and washed

with cold phosphate buffer solution (PBS)

three times. The pellets were suspended in

fixing solution (4% paraformaldehyde) at 48C

for 30 min, and washed again with cold PBS

three times. The sediment was stained with

Hoechst 33258 (5mg/ml) for 10 min. Nuclear

morphology of the cells was observed under

fluorescence microscope (Olympus, Japan).

3.6 DNA fragmentation assay

The untreated and treated cells, approxi-

mately 5 £ 106, were harvested and washed

with PBS twice. Then, the sediment was lysed

in 100 ml buffer (10 mmol/l Tris – HCl

(pH 7.4), 10 mmol/l EDTA (pH 8.0), and

0.5% Triton X-100) at 508C for 2 h. The

supernatant was acquired through centrifu-

gation at 8000 r/min for 10 min, and then

incubated with 5ml RNase A (20 mg/ml) at

378C for 60 min. Proteins were removed by

incubation with 5ml proteinase K (20 mg/ml)

at 378C for 60 min. The supernatant with

DNA fragment was centrifuged again at

8000 r/min for 10 min, and added with 20ml

0.5 mol/l NaCl and 250 ml isopropanol

deposited at 2208C overnight. After cen-

trifugation at 12,000 r/min for 15 min, the

sediment was dissolved in TE (10 mmol/l

Tris–HCl (pH 7.4), 1 mmol/l EDTA (pH

8.0)), electrophoresed in a 1.5% agarose gel

with 100 V for 1.5 h, stained with ethidium

bromide (EB), and photographed under

ultraviolet illumination.

3.7 FCM analysis of cell cycle and
apoptosis

Cells (1 £ 105 cells/ml) were inoculated and

cultured for 24 h, and then exposed to

weisiensin B. After indicated time, the

untreated and treated cells were harvested

and washed in cold PBS twice. Then, the cells

were fixed by 75% ethanol at 48C overnight.

When they were measured, ethanol was

washed off with PBS. After the cell densities

were adjusted, PI (50mg/ml) solution was

added to them. At room temperature, they

were stained in the absence of light for

30 min. Having been washed with PBS, they

were measured by means of a flow cytometer

with Cellquest software (version 2) to obtain

the information about apoptosis and cell

cycle.

3.8 Statistical analysis

The results were expressed as mean ^ SD.

The differences between the control and the

treatment were evaluated using Student’s

t-test. A P-value of less than 0.05 (P , 0.05)

was considered statistically significant.
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