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SUMMARY

Eriocaulon sieboldianum (ES) is used in traditional oriental medicine for various medicinal
purposes including headache, toothache, and inflammation. However, the anti-cancer effect of
the ES is still not fully understood. In the present study, the human leukemia cell line HL-60 was
used to characterize the apoptotic effects of ES. ES induced cytotoxicity of HL-60 cells in a dose-
and time-dependent manner. ES induced the generation of reactive oxygen species, and the
release of cytochrome c in a dose-dependent manner. In addition, we showed that ES-induced
apoptosis was accompanied by activation of caspase-3. Taken together, our results demonstrate
that ES possesses anti-cancer activity in HL-60 cells. 
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INTRODUCTION

Apoptosis plays not only an essential role in

development and tissue homeostasis but is also

involved in a wide range of pathological conditions

(De Martinis et al., 2007; Gatzka and Walsh, 2007;

Van Heemst et al., 2007). In mammalian cells, there

are two major caspase activation pathways: the

extrinsic and the intrinsic pathways. In the extrinsic

pathway binding of death receptors, causes activation

of caspase-8, the initiator caspase, which then

activates other caspase-3 and others, the effector

caspases. In the intrinsic pathway, various forms of

cellular stress result in mitochondrial alterations

leading to mitochondrial membrane depolarization

(MMP) and the release of cytochrome c (cyt c). In

the cytosol, cyt c binds to and activates Apaf-1

which itself activates pro-caspase-9. Active caspase-9

has been shown to directly cleave and activate

effecter protease, caspase-3. 

In many systems, apoptosis is associated with

the loss of MMP, which may be regarded as a

limiting factor in the apoptotic pathway. The

mitochondrial membrane presents an electrochemical

gradient (DYm), and the collapse of DYm leads to

mitochondrial outer membrane permeabilization

that favors cyt c release into the cytosol causing an
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activation of cell death (Garrido et al., 2006).

Mitochondria dysfunction may also lead to ROS

production that can damage proteins and DNA

(Valko et al., 2004).

Eriocaulon sieboldianum (ES) is used in traditional

oriental medicine for various medicinal purposes

including headache, toothache, and inflammation.

However, the anti-cancer effect of the ES is still not

fully understood. In order to gain further insights

into the mechanism of ES-induced apoptosis in

HL-60 cells, the objectives of this study were as

follows: (I) To examine the effect of ES on cell

death; (II) to investigate the effect of ES on ROS

generation, cyt c release, and caspase-3 activation. 

MATERIALS AND METHODS

Reagents

Fetal bovine serum (FBS) was purchased from

Gibco BRL (Grand Island, NY, USA). Dimethyl

sulfoxide (DMSO), 3-(4, 5-dimethylthiazol-2-yl)-2,

5-diphenyltetrazolium bromide (MTT), isopropanol,

sodium dodecyl sulfate (SDS), bicinchoninic acid

(BCA) and other reagents were purchased from

Sigma Chemical (St. Louis, MO, USA). Anti-human

caspase-3 antibody was obtained from Santa Cruz

Biotechnology, Inc. (Santa Cruz, CA, USA). The

caspase assay kit was supplied by R & D system

Inc. (Minneapolis, MN, USA).

Preparation of ES

ES was obtained from the College of Pharmacy,

Wonkwang University (Iksan, South Korea). Extract

of ES was prepared by decocting the dried

description of herbs with boiling distilled water.

The extraction decocted for approximately 3 h has

been filtered, lyophilized, and kept a 4 οC. The yield

of extraction was about 2%. Dilutions were made

in saline then filtered through 0.22 mm syringe filter.

Culture of HL-60 cells

HL-60 cells were obtained from Korean Cell Line

Bank (Seoul, Korea). HL-60 cells were maintained

in RPMI 1640 medium containing 10% heat-

inactivated FBS supplemented with 100 unit/ml

penicillin and 100 unit/ml streptomycin at 37 oC

under 5% CO2 in air.

MTT assay 

To test the viability of cells, MTT colorimetric assay

was performed as described previously (Kim et al.,

2001). Briefly, cells (1 × 105 cells/ml) were incubated

for 24 h after incubation in the absence or presence

of ES. After addition of MTT solution, the cells

were incubated at 37 oC for 4 h. The crystallized

MTT was dissolved in DMSO and measured the

absorbance at 540 nm. 

Spectrofluorimetric measurement of intracellular

ROS generation 

The intracellular ROS levels were measured using

a fluorescent dye, 2, 7-dichlorofluorescein diacetate

(DCFH-DA). In the presence of an oxidant, DCFH

is converted to a highly fluorescent molecule, 2, 7-

dichlorofluorescein (DCF). The cells were cultured

in the presence or absence of ES, and incubated for

30 min with DCFH-DA (5 µM). The fluorescence

intensity was measured using a spectrofluorometer

(SHIMADZU Corporation, Japan) at an excitation

and emission wavelength of 485 and 538 nm,

respectively.

Western blot analysis

For analysis of the levels of cyt c and pro-caspase-3,

cells were rinsed twice with ice-cold PBS and were

then lysed in ice-cold lysis buffer (1% Triton, 1%

Nonidet P-40, 0.1% SDS, 1% deoxycholate). Cell

lysates were centrifuged at 15,000 × g for 5 min at

4 oC; the supernatant was then mixed with an

equal volume of 2× SDS sample buffer, boiled for

5 min, and then separated through 10% SDS–PAGE

gels. After electrophoresis, the protein was transferred

to nylon membranes by electrophoretic transfer.

The membranes were blocked in 5% skim milk for

2 h, rinsed, and incubated overnight at 4 oC with

primary antibodies in phosphate buffered saline
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(PBS)/0.5% Tween 20. Excess primary antibody

was then removed by washing the membranes four

times in PBS/0.5% Tween 20, and the membranes

were incubated for 1 h with HRP-conjugated

secondary antibodies (against mouse, or rabbit).

After three washes in PBS/0.5% Tween 20, the

protein bands were visualized by an enhanced

chemiluminesence assay (Amersham Pharmacia

Biotech, NJ, USA) following the manufacturer’s

instructions.

Measurement of caspase-3 activity 

Caspase-3 activity was measured by a caspase

assay kit (R & D system). Cells were incubated

with ES for 24 h at 37 °C. The cells were lyses on ice

for 10 min using cell lysis buffer and centrifuged at

10,000 × g for 1min. Equal amount of total protein

was quantified by BCA in each lysate. Catalytic

activity of caspase-3 from cell lysate was measured

by proteolytic cleavage of DEVD-pNA (caspase-3

colorimetric substrate) for 2 h at 37 oC. The plates

were read at 405 nm. Recombinant caspase-3

enzymes are available for use as a positive control.

Statistical analysis 

The experiments shown are a summary of the data

from at least-three experiments and are presented

as the mean ± S.E.M. Statistical evaluation of the

results was performed by ANOVA with Turkey

post hoc test. The results were considered significant

at a value of P < 0.05.

RESULTS

Effect of ES on the cell viability in HL-60 cells 

First, the effect of ES on the viability of HL-60 cells

was investigated. The cells were either incubated

with ES at different concentrations (0.01 - 1 mg/ml)

for 24 h, or treated with ES at a constant concen-

tration (1 mg/ml) for varying periods (4 - 24 h). The

cell viability was measured using the MTT assay.

The results showed that ES reduced the cell viability

in a dose- and time- dependent manner (Fig. 1).

Effect of ES on the ROS generation in HL-60 cells

To determine the effect of ES on the ROS generation,

the cells were incubated with or without ES during

different time periods and loaded with DCF-DA,

which is converted into a fluorescent molecule

after intracellular oxidation. DCFHDA, a non-

fluorescent cell-membrane permeable probe, was

used to penetrate the cells, react with cellular

esterase and ROS, and then metabolize into

fluorescent DCF. Incubation of HL-60 cells with ES

caused a significant increase in fluorescence

response. The maximum ROS increase was observed

at 8 h after treatment of ES. However, the DCF

Fig. 1. The effect of ES on the cell viability. A) Cells (3
× 105) were pretreated with various concentrations of
ES for 24 h, and then collected and assessed for
viability. B) Cells (3 × 105) were treated with ES for
various time courses and then collected and assessed
for viability using MTT. Values are the mean ± S.E.M.
of duplicate determinations from three separate
experiments. *P < 0.05, significantly different from the
ES untreated cells.
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fluorescence declined subsequently because of

significant cell death. The result showed that ES

induce ROS generation in HL-60 cells (Fig. 2).

Effect of ES on the cyt c release 

Cyt c is released following MMP, and plays a major

role in cell death (Garrido et al., 2006). To

determine the effect of ES on the cyt c release from

mitochondrial into the cytosol, Western blot

analysis was performed. As shown in Fig. 3, we

observed that ES increase the cyt c release into

cytosolic. 

Effect of ES on the caspase-3 activation 

Pro-apoptotic stimuli induce MMP and promote

release of cyt c in the cytosol leading to activation

of pro-apoptotic factors as well as the maturation

of caspase-3. In the present study, the extent to

which ES influences the caspase-3 activity was

investigated. To investigate whether ES regulate the

caspase-3 activation, we performed the Western

blot analysis. Cells were pretreated with ES (0.01 -

1 mg/ml) for 24 h. As shown in Fig. 4A, we

observed that ES decreased the pro-caspase-3

expression, an inactive form of caspase-3. Next, to

confirm if ES inhibit the caspase-3 activation, we

used caspase-3 assay kit. As shown in Fig. 4B, ES

induced the caspase-3 activation.

DISCUSSION

ES, in traditional herb, has been used for the

treatment of various diseases. However, the effect

and mechanism of ES on anti-cancer have not been

examined. In present study, our findings show that

Fig. 2. The effect of ES on the ROS generation in HL-
60 cells. Cells (3 × 105/well) were treated with ES various
time course. After treatment with ES, cells were
loaded with fluorescent probe DCFH-DA and
fluorescence was measured. Data are mean ± S.E.M.
of three independent experiments performed in
duplicate. *P < 0.05, significantly different from the ES
untreated cells.

Fig. 3. The effect of ES on the cyt c release in HL-60
cells. Cells (5 × 106) were treated with ES for various
concentrations for 24 h. After isolation of cytosolic
fraction, the protein extracts were assayed for cyt c by
Western blot analysis. β-actin was used as the loading
control.

Fig. 4. The Effect of ES on the caspase-3 activation. A)
Cells (5 × 106/well) were treated with various concen-
trations of ES (0.01 - 1 mg/ml) for 24 h. The protein
extracts were assayed by Western blot analysis for
caspase-3. GAPDH was used for loading control. B)
Cells (3 × 106/well) were treated with various concen-
trations of ES (0.01 - 1 mg/ml) for 24 h. Caspase-3
activities were determined by a colorimetric kit using
substrates. *P < 0.05, significantly different from not-
treated cells.
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ES induces cell death, ROS generation, and cyt c

release into cytosol. In addition, ES increased the

activation of caspase-3 in HL-60 cells. 

Apoptosis plays not only an essential role in

development and tissue homeostasis but is also

involved in a wide range of pathological conditions

(De Martinis et al., 2007; Gatzka and Walsh, 2007;

Van Heemst et al., 2007). Apoptosis results in

numerous cellular changes, such as membrane

blebbing, nuclear condensation, and cell shrinkage

(Plenchette et al., 2004). In this study, we observed

that ES induced the cell death in a time- and dose-

dependent manner. ROS may be the causative factor

involved in many human degenerative diseases.

Antioxidants have been found to have some

degree of preventive and therapeutic effects on

these disorders (Ames et al., 1993). ROS may

induce cell death directly or act as intracellular

messengers during cell death induced by various

other kinds of stimuli (Pathak et al., 2006). In many

systems, apoptosis is associated with the loss of

MMP, which may be regarded as a limiting factor

in the apoptotic pathway. The mitochondrial

membrane presents an DYm, and the collapse of

DYm leads to mitochondrial outer membrane

permeabilization that favors cyt c release into the

cytosol causing an activation of cell death (Garrido

et al., 2006). Mitochondria dysfunction may also

lead to ROS production that can damage proteins,

and DNA (Valko et al., 2004). In this study, we

showed that ES increase the ROS generation, and

cyt c release. These results suggest that ES induces

apoptosis through apoptotic signal pathway of

mitochondria. 

The caspase family of aspartate-specific cysteine

proteases is emerging as the central executioner of

apoptosis (Putt et al., 2006). Caspase-3 is activated

in a variety of cell types during apoptosis. Caspase-

3 is the final executioner enzyme associated with

cell death during stimuli-induced apoptosis (Ohta

et al., 1997). Once activated, caspase-3 is free to

initiate the various processes involved in apoptosis

(Nuez et al., 1998). Activated caspase-3 is found

only in cells undergoing apoptosis and consists of

p18 and p12 subunits that are derived from a 32

kDa proenzyme by cleavage at multiple aspartic

acid sites (Schlegel et al., 1996). Protease caspase-3

can cleave and inactivate poly (ADP-ribose)

polymerase, an enzyme that is used for DNA

repair (Piedrafita et al., 1997). In this study, we

observed the ES induced activation of caspase-3.

These results demonstrated that ES show the anti-

cancer effect via the suppression of caspase-3

activation. 

In conclusion, we showed that ES induced ROS

generation, cyt c release, and caspase-3 activation.

Taken together, our results demonstrate that ES

possesses anti-cancer activity in HL-60 cells.
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