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Cryptolepine, Isolated from Sida acuta, 
Sensitizes Human Gastric Adenocarcinoma Cells 
to TRAIL-induced Apoptosis
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Bioassay guided separation of Sida acuta whole plants led to the isolation of an alkaloid, cryptolepine (1), 
along with two kaempferol glycosides (2–3). Compound 1 showed strong activity in overcoming TRAIL-resis-
tance in human gastric adenocarcinoma (AGS) cells at 1.25, 2.5 and 5 μM. Combined treatment of 1 and TRAIL 
sensitized AGS cells to TRAIL-induced apoptosis at the aforementioned concentrations. Copyright © 2010 
John Wiley & Sons, Ltd.
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INTRODUCTION

Tumor necrosis factor (TNF)-related apoptosis-induc-
ing ligand (TRAIL), a member of the TNF superfamily, 
has emerged as a promising anticancer agent, because 
of its ability to selectively kill tumor cells. The in vivo 
administration of TRAIL is proved to be safe, unlike 
the other members of the TNF superfamily. The relative 
absence of toxic side effects of this naturally occurring 
cytokine, in addition to its antitumor properties, has led 
to its preclinical evaluation. But, TRAIL-resistance is a 
major problem of its therapy, as a considerable number 
of cancer cells, especially some highly malignant tumors, 
are resistant to apoptosis induction by TRAIL (Ishi-
bashi and Ohtsuki, 2008). A search for compounds 
capable of abrogating TRAIL resistance has, thus, 
become an important strategy for anticancer drug dis-
covery. Different chemotherapeutic agents including a 
number of natural products are reported to have 
TRAIL-resistance overcoming activity. For example, 
luteolin, curcumin, resveratrol, indole-3-carbinol, fl avo-
piridol and apigenin have received attention as antican-
cer agents. In the search for bioactive natural products 
from natural resources, a number of natural products 
with TRAIL-resistance overcoming activity were previ-
ously identifi ed (Ishibashi and Ohtsuki, 2008).

Sida acuta Burm. (Malvaceae), locally known as 
‘Berela’, is a shrub distributed in all areas of Bangladesh 
and other tropical countries. Its leaves are traditionally 
used as diuretic, demulscent, etc. The roots are used as 
tonic, diaphoretic and antipyretic (Kirtikar and Basu, 
1975). It was reported as having antiplasmodial, antimi-
crobial, analgesic, free radical scavenging, and apoptosis 

inducing activities. Previously isolated constituents 
include alkaloids, tocopherols and triterpenoids, sterols, 
polyphenols and glycosides (Karou et al., 2007). Bioas-
say guided separation of the MeOH extract of whole 
plants of Sida acuta led to the isolation of compounds 
1–3. Here, the sensitizing effect of compound 1 on AGS 
cells to TRAIL-induced apoptosis is reported for the 
fi rst time.

MATERIALS AND METHODS

Plant material. Whole plants of S. acuta were collected 
from Dhaka, Bangladesh in 2006 and taxonomically 
validated by the experts at Bangladesh National Her-
barium. A voucher specimen was deposited at Khulna 
University, Bangladesh (R-009) for future reference.

Extraction and isolation. The MeOH extract (9.7 g, 
yield: 6.5%) of S. acuta was chromatographed over 
Diaion HP-20 (4.5 × 35 cm) to exclude the chlorophyll 
content. The chlorophyll-free fraction (8.1 g) was then 
suspended in 10% aq. MeOH and partitioned between 
hexane, EtOAc and BuOH. The EtOAc extract (1.9 g) 
was subjected to silica gel PSQ100B column chromatog-
raphy (2.5 × 45 cm) using a CHCl3–MeOH solvent 
system with increasing polarity to afford four fractions, 
3A–3D. Fraction 3B (242 mg) was recrystallized to give 
compound 3 (40 mg). Fraction 3C (831 mg) was chro-
matographed over silica gel PSQ100B (2.5 × 45 cm) 
using a EtOAc–MeOH solvent system to give com-
pound 1 (85 mg) and 2 (332 mg).

TRAIL-resistance overcoming activity. TRAIL-
resistance overcoming activity of the extracts and iso-
lates was assessed by comparison of cell growth 
inhibitory activity in the presence and absence of 
TRAIL against AGS cell lines, as reported previously 
(Ahmed et al., 2008).
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Hoechst staining. Apoptosis was detected by staining 
the treated cells with Hoechst 33342 reagent (Wako 
Pure Chemical Industries Ltd, Japan ) as described pre-
viously (Adhami et al., 2007).

Caspase-3/7 activity. Caspase-3/7 activity was measured 
using a Caspase-Glo 3/7 assay kit (Promega) according 
to the manufacturer’s instructions as described previ-
ously (Ohtsuki et al., 2009).

RESULTS AND DISCUSSION

In a screening programme for abrogating TRAIL-resis-
tance, medicinal plants of Bangladesh were explored. 
Bioassay guided separation of MeOH extract of whole 
plants of Sida acuta led to the isolation of compounds 
1–3. The structure of 1 was elucidated as an alkaloid, 
known as cryptolepine (Yang et al., 1999) and 
compounds 2 and 3 were determined as kaempferol 
glycosides, known as kampferol-3-O-α-l-rhamnopy-

ranosyl-β-d-glucopyranoside (Yoon et al., 2007) and 
kampferol-3-O-β-d-glucopyranoside (Okuyama et al., 
1978), respectively (Fig. 1).

The isolated compounds (1–3) were evaluated for 
their activity in overcoming TRAIL resistance in AGS 
cells. Recently, this cell line has been used widely as a 
model system for evaluating cancer cell apoptosis, and 
is reported to be refractory to apoptosis induction by 
TRAIL (Srivastava, 2001). To assess the effects of 1–3, 
TRAIL, or their combined treatment on cell viability, 
AGS cells were treated with the indicated agents and 
subjected to FMCA. As shown in Fig. 2, treatment with 
100 ng/mL TRAIL for 24 h resulted in only a slight 
decrease in cell viability (91%). Luteolin (Horinaka et 
al., 2005), used as a positive control, produced about 
50% more inhibition along with TRAIL than the agent 
alone at 17.5 μm. Combined treatment of AGS cells with 
100 ng/mL TRAIL and 1.25 or 2.5 μm of 1 reduced the 
cell viability to 40% and 19% of control levels (p < 0.01), 
respectively, which was 32% and 50% more than the 
agent alone, suggesting a possible synergism between 

Figure 1. Structures of compounds 1–3.

Figure 2. Effect of compound 1 on the viability of AGS cells. Effect of compound 1, luteolin (positive control: Lut) and TRAIL treat-
ment, alone and in combination, on the viability of AGS cells. Cells were seeded in a 96-well culture plate (6 × 103 cells per well) for 
24 h and then treated with indicated concentrations (μM) of the compounds and/or TRAIL for 24 h. Cell viability was determined by 
fl uorometric microculture cytotoxicity assay (FMCA). The bar represents the mean (n = 3 ± SD). Signifi cance was determined by 
Student’s t-test p < 0.01 (**) vs control (Con).
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Figure 3. Effect of compound 1 on induction of apoptosis in AGS cells. Effect of 1 and TRAIL treatment, alone and in combination, 
on apoptosis of human gastric adenocarcinoma cells. The AGS cells were grown on cell culture dishes and treated as described in 
‘Experimental’ and apoptosis was detected by Hoechst 33342 stain. Representative photomicrographs from each treatment group 
showing induction of apoptosis (bright fl uorescence indicated by arrow).

Figure 4. Effect of compound 1 on caspase-3/7 activity in AGS 
cells. Effect of combined treatment of 1 and TRAIL, on caspase-
3/7 activity in human gastric adenocarcinoma cells. Values on 
top of the columns represent relative fold-induction compared 
with control considered as 1. Signifi cance was determined by 
Student’s t-test (**p < 0.01; *p < 0.01) vs control (Con).

the two agents. Compounds 2 and 3, however, did not 
show TRAIL-resistance overcoming activity (data not 
shown). Cryptolepine, reported as a candidate antitu-
mor agent (Laryea et al., 2009), exhibits potent cytotoxic 
activity against a wide variety of cancer cells, including 
human leukemia HL-60 cells (Dassonneville et al., 
2000). It induced cell cycle arrest and apoptosis by acti-
vating mitochondrial release of cytochrome c. Here, for 
the fi rst time, its TRAIL-resistance overcoming activity 
against AGS cells was found.

To ascertain whether the decrease in cell viability 
produced by compound 1 was caused by apoptotic cell 
death, the treated cells were stained after 24 h with 
Hoechst 33342 reagent. Apoptotic nuclei with con-
densed chromatins stained more brightly in the treated 

cells than the normal cells (Fig. 3), suggesting that the 
cell death was due to apoptosis (Llobet et al., 2000).

The effect of 1 on caspase-3/7 activity in AGS cells 
was checked to ascertain whether the apoptosis induced 
by 1 was mediated through caspase activation. Caspase-
3/7 are known as effector caspases, and after being acti-
vated by the initiator caspases (caspase-8/9), it induced 
apoptosis. It was observed that the treatment of AGS 
cells with 1 in combination with TRAIL (100 ng/mL), 
increased caspase-3/7 activity 1.8-, 1.9- and 2.3-fold, at 
1.25, 2.5 and 5 μm, respectively, compared with the 
control after 12 h (Fig. 4). From these results it was 
confi rmed that compound 1 induced apoptosis through 
caspase-3/7 activation (Ohtsuki et al., 2009).

Although the molecular mechanisms responsible for 
the sensitizing effect of cryptolepine (1) are not 
described here in detail, it can be concluded that 1 sen-
sitized AGS cells to TRAIL-induced apoptosis through 
caspase-3/7 activation.
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