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Inula helianthus-aquatica C. Y. Wu is a traditional medicinal plant used to treat some cancers in folk herbal
medicine of Yunnan, China. Bigelovin, a sesquiterpene lactone isolated from this herb, potently inhibits the
growth of a panel of eight cancer cell lines, especially in human monoblastic leukemia U937 cells with an
IC50 value of 0.47 μμμμμM. Characteristic morphological features of apoptosis were observed in U937 cells treated
with bigelovin. Annexin V and nuclear DNA content distribution assays showed that the percentage of
Annexin V positive cells increased to 8.86% (24 h) with 1 μμμμμM bigelovin treatment, and cells treated with
bigelovin at this concentration apparently arrested at G0/G1 phase compared with the control. These data
suggested that cytotoxic effect of bigelovin on U937 cells involves induction of apoptosis, and the cell cycle is
arrested at G0/G1 phase. Copyright © 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

Apoptosis is an evolutionarily conserved, genetically
controlled process of programmed cell death (Hajra
and Liu, 2004). It is an essential physiological process
that plays a critical role in tissue homeostasis, develop-
ment and cellular stress responses (Blank and Shiloh,
2007). Defects in apoptotic pathway contribute to a
number of human diseases ranging from neurode-
generative disorders to malignant tumors (Lowe et al.,
2000). Recently, the relationship between apoptosis and
tumor has been emphasized, and increasing evidence
suggests that the processes of neoplastic progression
and metastasis were enhanced by impaired apoptosis
(Choi et al., 2002; Guroval and Gudkov, 2003). For the
intimate relation between carcinogenesis and dysre-
gulation of apoptosis, any therapeutic strategy aimed
at specifically triggering apoptosis in tumor cells might
have potential therapeutic effect (Ferreira et al., 2002).
In fact, many chemotherapeutic and cytotoxic agents
exert effect by inducing apoptosis of cancer cells (Lowe
and Lin, 2000; Choi et al., 2002).

Natural products have been regarded as important
sources of potential chemotherapeutic agents. Many
anticancer drugs have originated from natural sources
(da Rocha et al., 2001; Tan et al., 2006). Sesquiterpene

lactones are a large group of natural products often
derived from Compositae (Asteraceae) family, which
have been shown to exhibit pharmacological activities
including antimicrobial, antitumor, antiviral and anti-
inflammatory (Zhang et al., 2005). Previous studies have
confirmed that an α-methylene-γ-lactone ring is an
essential prerequisite for cytotoxicities of sesquiterpene
lactones, which also has a tendency to cause contact
allergy on these compounds (Kupchan 1976; Bleumink
et al., 1976). However, their tumor inhibitory property
has attracted a great deal of interest, and extensive
research has been done to characterize it.

In searching for natural cytotoxic products, a series
of pseudoguainolide sesquiterpene lactones were isolated
from Inula helianthus-aquatica C. Y. Wu (Asteraceae),
and their cytotoxicities were tested on several cancer
cell lines. Results indicated that among these cytotoxic
compounds, bigelovin was the most potent one with
cytotoxicities on a panel of eight cancer cell lines (Fig. 1).
Because most cytotoxic agents showed activities through
apoptosis inducement (Lowe and Lin, 2000), apoptosis
induced by bigelovin in human monoblastic leukemia
U937 cells was first investigated and reported here.

MATERIALS AND METHODS

Materials. Cancer cell lines A549 (lung cancer), SGC-
7901 (gastric cancer cell line), BEL-7402 (liver cancer
cell line), U251 (glioma cell line), B16 (murine mela-
noma cell line), K562 (leukemia cell line), 293T (kidney
carcinoma cell line) and U937 (leukemia cell line) were
obtained from the Cell Culture Centre of Institute of
Basic Medical Sciences, Chinese Academy of Medical
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Sciences and Guangzhou Institute of Biomedicine and
Health, Chinese Academy of Sciences. RPMI-1640,
sulfurhodamine B (SRB), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), propidium
iodide (PI) and RNase A were from Sigma (St Louis,
MO, USA). Fetal bovine serum was from Sijiqing
Biological Engineering Materials Co. Ltd. (Hangzhou,
China). Annexin V-FITC Apoptosis Detection Kit was
from BioVision (Palo Alto, CA, USA).

Plant material. Leaves and flowers of Inula helianthus-
aquatica C. Y. Wu were collected in 2004 in Yunnan,
China, and identified by Prof. Xi-Wen Li of Kunming
Institute of Botany, Chinese Academy of Sciences,
Kunming, China. The voucher specimen (KUN0495655)
was deposited in the Herbarium (KUN) of Kunming
Institute of Botany, Chinese Academy of Sciences,
Kunming, China.

Extraction and isolation. Leaves and flowers of Inula
helianthus-aquatica C. Y. Wu were successively extracted
with petroleum ether, then, concentrated in vacuo. The
petroleum ether extracts were treated with 60% ethanol,
and the ethanol-soluble portion mainly contained
sesquiterpenoids. After repeated crystalization in 100%
ethanol, bigelovin was obtained together with ergolide
as a crystal mixture from the ethanol-soluble portion.
Then the mixture was further separated by Preparative
HPLC [Agilent 1100 HPLC system, Zorbax ODS , 21.2
× 250 mm, 5 μm, U.S.A., MeOH-H2O (45:55), wave-
length: 210, 230 nm] to provide pure bigelovin (white
crystal, m.p.168–170 °C; [α] D

25.4 60.5° (c 0.281, CHCl3)
(literature values: m.p.199–202 °C; [α]D 52.2° (c 0.16,
CH2Cl2)) and ergolide (white crystal, m.p.178–179 °C;
[α] D

25.7 164.4° (c 0.24, CHCl3) (literature values:
m.p.170.4 °C; [α]D 133.1° (c 1.26, CH2Cl2)) (Wang et al.,
1996). Their structures were elucidated by spectroscopic
analysis including 2D-NMR spectroscopy and HR-EI-
MS, and their purities were found to be >99% [Agilent
1100 HPLC, Zorbax 80Å, Extend-C-18, 4.6 × 150 mm,
5 μm, USA, MeOH-H2O (50:50)]. 13C-, 1H-NMR spec-
tral data of bigelovin and ergolide are listed in Table 1,
which are close to those in ref. (Wang et al., 1996).

Cell culture. All cancer cells were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine
serum in 5% CO2-95% air humidified atmosphere at
37 °C.

Cell proliferation assays

SRB assay. Cytotoxicities of bigelovin against A549,
SGC-7901, BEL-7402, U251 and B16 cells were meas-
ured by SRB assay described previously (Skehan et al.,
1990). First, cells were plated in 96-well plates. Twenty-
four hours later, compounds were added to a final
concentration of 10, 1, 0.1 and 0.01 μg/ml. Forty-eight
hours later, cells were fixed by the addition of 50%
ice-cold trichloroacetic acid and incubated at 4 °C for
1 h. After washed and air-dried, the plate was stained
for 15 min with 0.4% SRB in 1% glacial acetic acid.
Excessive dye was removed by washing in 1% glacial
acetic acid. Then SRB was resuspended in 10 mM Tris
solution and the absorbance was measured at 560 nm
by spectrophotometry.

MTT assay. Cytotoxicities of bigelovin against K562,
293T and U937 cells were determined by MTT assay.
Cells were treated with 0.15625, 0.3125, 0.625, 1.25, 2.5
and 5 μM bigelovin in a 96-well plate, then added with
10 μl of 5 mg/ml MTT to each well for the last 4 h of
48-h cultures, followed by 150 μl of DMSO. Finally, the
absorbance was measured at 490 nm by spectrophotometry.

Cell growth curves. U937 cell proliferation was meas-
ured by cell counting. Cells were counted in 48 h with
the time interval of 12 h. Concentrations for bigelovin
in cell cultures were 1, 0.75, 0.5 and 0 μM, which showed
high, moderate, low and none cytotoxicity on U937 cells,
respectively, according to the MTT results.

Cell morphology. In order to determine the apoptosis-
inducing capability of bigelovin in cancer cells, the
nuclear morphology of U937 cells was analyzed by
means of Wright-Giemsa staining and observed under
a microscope (Olympus, CX31, Japan).

Flow cytometric assays for nuclear DNA content distri-
bution and Annexin V. Cell apoptosis was analyzed
using an Annexin V-FITC apoptosis kit according to
manufacturer’s instructions. To assess the distribution
of nuclear DNA content, cells were collected, washed
in PBS and fixed overnight in 75% ethanol at −20 °C,
treated with 1% RNase A for at least 15 min at 37 °C,
and stained with 50 mg/ml PI. The fluorescent intensity
was measured by flow cytometry (BD Biosciences,
FACSCalibur, Franklin Lakes, NJ, USA).

Figure 1. Chemical structure of bigelovin (A) and its antiproliferation activity against eight cancer cells (B).
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RESULTS AND DISCUSSION

Cytotoxicity assays. Results from cell proliferation
assay have indicated that bigelovin showed potent
cytotoxicities against a panel of eight cancer cell lines
(Fig. 1), in which U937 is the most sensitive one to
bigelovin with IC50 value of 0.47 ± 0.03 μM, thus
apoptosis induced by bigelovin in U937 cells was inves-
tigated. In order to further investigate the cytotoxic
activity of bigelovin against U937 cells, concentration-
activity relation was further analyzed. Results from
Fig. 2A showed that bigelovin inhibits almost 100%
U937 cell growth with the concentration of ≥1.25 μM.
Based on the concentration-activity curves and IC50

value of bigelovin against U937, 1, 0.5, 0.25 μM bigelovin
culture solutions were chosen as the high, moderate
and low concentrations to observe their activity on cell
proliferation.

Cell growth curves. The concentration-activity curves
of bigelovin were plotted with concentrations of 1, 0.5,
0.25 and 0 μM (Fig. 2B). U937 cells were counted every
12 h in 48 h. Every counting time, the morphology of
cells was observed under a microscope, and results
showed that bigelovin potently inhibit cell growth. In

cells treated with 1 μM bigelovin, large numbers of cell
debris were observed. Results from Fig. 2 showed that
cell growth curves correlated well with the results of
MTT assay, and the concentrations of 1, 0.5, 0.25 μM
are appropriate as the high, moderate and low concen-
trations in the following experiment.

Cell morphology and Annexin V assay. Cell morphology
and Annexin V-FITC/PI double-staining were analyzed.
Results from cell morphology were shown in Fig. 3.
Characteristic morphological features of apoptosis
appeared in U937 cells treated with 0.5 μM bigelovin,
such as condensed chromatin and nuclear fragmenta-
tion with intact cell membrane, which could also be
observed in 1 μM bigelovin-treated cells (Fig. 3).
Under the microscope, cell proliferation was potently
inhibited by 1 μM bigelovin, and cell debris presented
in the cell suspension cultures. Results of Annexin V
assay showed that the percentage of Annexin V positive
cells increased to 8.86% and 7.15% at 24 h and 36 h
with 1 μM bigelovin treatment (Fig. 4), which indicated
that cytotoxicity of bigelovin against U937 cells involves
the induction of apoptosis.

Flow cytometric assay for nuclear DNA content distri-
bution. Effect of bigelovin on cell cycle of U937 cells

Figure 3. Morphological differences between normal U937 cells and cells treated with 1, 0.5 and 0.25 μM bigelovin after 24-h and 48-
h cultures. Under the microscope, a large number of cell debris presented in cells treated with 1 μM bigelovin. Characteristic
apoptotic morphological features, such as condensed chromatin and nuclear fragmentation with intact cell membrane, were ob-
served in cells treated with 1 and 0.5 μM bigelovin.

Figure 2. Effect of bigelovin on the proliferation of U937 cells. (2A) Dose-response relation for cells treated with bigelovin (by MTT
assay). Results showed that inhibition of cell proliferation was almost to 100% at the concentration of 1.25 μM. According to the
results, 1, 0.5 and 0.25 μM bigelovin solution were chosen as the high, moderate and low concentration in the following experiment.
(2B) Cell growth curves for cells treated with or without bigelovin. Results showed that about 20%, 50% and 90% of the cell
proliferation were inhibited by bigelovin with the concentrations of 0.25, 0.5 and 1 μM, respectively. It correlated well with the results
from MTT assay.
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was examined by PI staining flow cytometry after treated
for 24 h and 48 h. No significant changes in the propor-
tion of cells in G0/G1, S and G2/M phase were observed
after cells treated with 0.25 and 0.5 μM bigelovin. While
cells treated with 1 μM bigelovin were accumulated in
G0/G1 phase compare with the control (p < 0.05) (Fig. 5,
Table 2). The analysis of nuclear DNA distribution
showed no increase of Sub-G0/G1 cell contents (Fig. 5).

Inula helianthus-aquatica C. Y. Wu is a traditional
medicinal plant growing in Yunnan, China. As a Yunnan
folk medicine, it is used for the treatment of some
cancers, such as esophageal, gastric, colon, breast,
gum and brain cancers etc. (Lan, 1976; Hu and Xuan,
1982). Previous chemical research has revealed that
sesquiterpene lactones are the main ingredient for its
anticancer activity (Liang et al., 1999). In searching
for natural cytotoxic products, chemical constituents
of Inula helianthus-aquatica were systemically studied,
which provided the potent one, bigelovin.

Sesquiterpene lactones have been reported to be with
potent anticaner activity, and were believed to be pro-
mising candidates for development of anticancer drugs

Figure 4. Results from Annexin V assay. After treated with 1 μM bigelovin, the percentage of Annexin V positive cells increased, while
treated with 0.25 μM bigelovin, no Annexin V positive cells increased apparently compared with the control.

Table 2. Analysis of nuclear DNA distribution. After treated for 24 h and 48 h, effect of bigelovin on cell cycle of U937 cells was
examined by PI staining flow cytometry

Time (h) [I] (μM) G0/G1 (%) S (%) G2/M (%)

24 0 (Control) 34.27 ± 1.52 52.70 ± 2.76 13.04 ± 1.24
1.00 48.39 ± 2.22* 39.91 ± 0.13* 11.70 ± 2.35
0.50 37.88 ± 1.31 46.33 ± 1.22 15.81 ± 0.08
0.25 33.90 ± 1.97 50.75 ± 4.80 15.36 ± 2.84

48 0 (Control) 38.04 ± 1.78 54.77 ± 2.08 7.19 ± 0.30
1.00 45.09 ± 0.35* 44.46 ± 4.70 10.46 ± 4.33
0.50 41.77 ± 2.21 46.64 ± 4.26 11.60 ± 2.04
0.25 41.21 ± 1.03 47.37 ± 2.18 11.42 ± 1.15

* p < 0.05, compared with the control.

(Kupchan, 1976; Modzelewska et al., 2005; Zhang et al.,
2005). In this study, bigelovin, a sesquiterpene lactone
isolated from Inula helianthus-aquatica, showed anti-
proliferation effect on some kinds of cancer cells,
especially on leukemia U937 cells (Figs 1 and 2). Though
obvious cytotoxicity against cancer cells was observed,
the mechanisms have not been well documented. In
order to elucidate the mechanism, the anti-apoptotic
properties of bigelovin in leukemia U937 cells were
investigated. By cell morphology and Annexin V assay,
characteristic morphological features of apoptosis were
observed in cells treated with 1 and 0.5 μM bigelovin
(Fig. 3), and the proportion of Annexin V positive cells
increased after treated with 1 μM bigelovin (Fig. 4).
Results from flow cytometric analysis of DNA frag-
mentation showed no apparent increase in sub-G0/G1

population in bigelovin-treated group, which correlated
with the mild apoptotic induction in Annexin V assay
(Fig. 4). Analysis for Annexin V assay and DNA con-
tent distribution indicated that bigelovin can induce
apoptosis and inhibit proliferation of U937 cells via
arresting at G0/G1 phase.
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Figure 5. DNA content analysis. Compared with controls, cells in G0/G1 phase increased and cells in S phase decreased apparently
after treated with 1 μM bigelovin (p < 0.05). It indicated that bigelovin induced U937 cell cycle to arrest at G0/G1 phase. While no
apparent sub-G1 cell contents were observed in this analysis.

Many chemotherapeutic and cytotoxic agents have
been reported to exert their effects by inducing apop-
tosis (Lowe and Lin, 2000; Choi et al., 2002). Results from
this study indicated that the cytotoxicity of bigelovin
on U937 cells involves the induction of apoptosis.
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