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Effect of Sasa quelpaertensis Nakai Extracts and its Constituent p-coumaric Acid 

on the Apoptosis of Human Cancer Cell Lines
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Abstract – Sasa quelpaertensis Nakai leaves contain a mixture of polysaccharides, amino acids, and polyphenols,
which mediate various biological activities. For efficient utilization of its leaf, we reported the preparation
procedure for phytochemical-rich extract (PRE) using the leaf residue, which was by-product of hot water
extraction. This study was undertaken to evaluate the effects of PRE and its major constituent, p-coumaric acid,on
the growth of several human cancer cell lines (MKN-74, MKN-45, SNU-1, SNU-16, and HL-60). The ethyl
acetate fraction of PRE and p-coumaric acid significantly inhibited the proliferation of MKN-74 and HL-60 cells,
respectively, and induced cell apoptosis, down-regulated Bcl-2 and poly (ADP-ribose) polymerase levels, and up-
regulated those of Bax and caspase-3. These results show the potential utility of S. quelpaertensis Nakai leaves in
cancer prevention.
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Introduction

Cancer is one of the leading causes of death worldwide.

The incidence and mortality rates of cancer have

increased steadily due to both inherited and environ-

mental causes, e.g., adoption of a Westernized diet.1

Gastric cancer is the second leading cause of cancer death

in both sexes worldwide (approximately 738,000 deaths

in 2008; 9.7% of all cancer deaths), and the highest

incidence rates are seen in Eastern Asia, Eastern Europe,

and South America.2 Surgery and chemotherapy are the

main treatments for gastric cancer; however, adverse

reactions can occur with both. To reduce side effects,

research on anticancer agents in natural substances that

have been proven safe has been ongoing.3 In recent years,

cancer cell apoptosis has been researched as a potential

therapeutic target,4 and natural products are becoming an

increasingly important option for inducing apoptosis.5

Apoptosis is a selective process of physiological cell

deletion that regulates the balance between cell prolifera-

tion and cell death. Failure of apoptosis is considered to

contribute to the development of human malignancies.6

Recent studies have shown the benefits of cancer

chemotherapeutics and their pharmacological effects in

part by triggering apoptotic cell death; as such, the

induction of apoptosis in cancer cells has become a target

in cancer treatment.7

Sasa quelpaertensis Nakai is an endemic dwarf

bamboo which is distributed Mt. Halla of Jeju Island,

Republic of Korea. Its leaf extract has been reported to

possess several health-promoting properties, including

anti-inflammatory, anticancer, and anti-obesity activities.8,9,10

S. quelpaertensis Nakai also protects against gamma

radiation-induced damage in mice.11 We previously reported

that the phytochemical-rich extract (PRE), which was

prepared using a by-product of hot water extract of S.

quelpaertensis Nakai leaves, had high anti-oxidant and

anti-inflammatory properties.12 PRE is a mixture of

polysaccharides, amino acids, and polyphenols, including

p-coumaric acid and tricin known for their anti-

inflammatory and anti-obesity effects.13-14 However, the

effects of PRE and p-coumaric on human cancer cells,

and the underlying molecular mechanisms of action, are

not yet completely understood. In this study, we investigated

the effects of the ethyl acetate fraction of PRE (EPRE)

and p-coumaric on the proliferation of several human

cancer cell types.

*Author for correspondence
Department of Biology, Jeju National University, 102 Jejudaehakno,
Jeju-si Special Self-Governing Province, 63243, Korea
Tel: +82-64-754-3529; E-mail: sjkim@jejunu.ac.kr



294 Natural Product Sciences

Experimental

Reagents –We obtained RPMI 1640 medium, fetal

bovine serum (FBS), and penicillin–streptomycin (PS)

from Gibco (Grand Island, NY, USA). Antibodies to Bcl-

2, Bax, procaspase-3, and poly (ADP-ribose) polymerase

(PARP) were purchased from Santa Cruz Biotechnology

(Santa Cruz, CA, USA). Antibodies to cleavage caspase-3

were purchased from Cell Signaling Technology (Beverly,

MA, USA). Phosphate-buffered saline (PBS) (pH 7.4), 3-

(4,5-dimethyl thiazol-2yl)-2,5-diphenyltetrazolium bromide

(MTT), propidium iodide (PI), RNase A and p-coumaric

acid were purchased from Sigma Chemical Co. (St.

Louis, MO, USA). p-coumaric acid was dissolved in

dimethyl sulfoxide (DMSO) to make a 200-mM solution.

All other reagents were purchased from Sigma Chemical

Co., unless otherwise stated.

Cell culture – Human gastric cancer cells (MKN-74,

MKN-45, SNU-1, SNU-16) and acute leukemia (HL-60)

were obtained from the Korean Cell Line Bank (KCLB;

Seoul, Korea). The cells were cultured in RPMI-1640

medium (Gibco) supplemented with 10% FBS and

antibiotics (penicillin, 100 U/mL; Gibco). Cells cultures

were maintained at 37 oC in a humidified atmosphere of

5% CO2. Cells in the exponential growth phase were used

throughout the experiments.

Cell viability assay – Cell viability was determined

using MTT assay. Briefly, the cells were plated in 96-well

plates at 2.0 × 105 ~ 3.0 × 105 cells/mL, incubated overnight,

treated with different concentrations of PRE and p-

coumaric acid, and then incubated for an additional 72 hr.

Each well was supplemented with 50 µL of MTT and

incubated for 4 hr at 37 oC. The formazan crystals that

formed were subsequently dissolved in 150 µL of DMSO,

and the optical density of the resultant reaction solution

was read at 540 nm using a microplate reader (Bio-Tek,

Winooski, VT, USA).

Measurement of apoptosis – Cells were harvested and

fixed with ice-cold 70% ethanol for 30 min.The fixed

cells were stained with 5 µL of PI at room temperature in

the dark for 30 min. Apoptotic cells were counted using a

flow cytometer (FACS Calibur; Becton Dickinson,

Franklin Lakes, NJ, USA).

Western blot analysis – Cells were washed with ice-

cold PBS, collected, and centrifuged. The resulting cell

pellets were resuspended in lysis buffer [1 × RIPA; 1 mM

phenylmethylsulfonyl fluoride, 1 mM Na3VO4, 1 mM

NaF, 1 µg/mL aprotinin, 1 µg/mL pepstatin, and 1 µg/mL

leupeptin (Upstate Biotechnology, Temecula, CA, USA)]

and incubated on ice for 1 hr. Cell debris was then removed

by centrifugation, and lysate protein concentrations were

determined using Bio-Rad Protein Assay Reagent (Bio-

Rad Laboratories, Hercules, CA,USA). Cell lysates were

then subjected to electrophoresis on 10 – 15% polyacryla-

mide gels containing sodium dodecyl sulfate (SDS) and

transferred to polyvinylidene difluoride membranes. The

membranes were blocked by incubation for 1 hr at room

temperature with a 0.1% solution of Tween 20 in Tris-

buffered saline containing 5% nonfat dry milk or 5%

bovine serum albumin (BSA). After incubation overnight

at 4 oC with primary antibody, the membranes were

incubated for 1 hr at room temperature with horseradish

peroxidase-conjugated secondary antibody. Immunodetection

was carried out using enhanced chemiluminescence

(ECL) Western blotting detection reagent (Cyanagen,

Bologna, Italy). 

Statistical analysis – All qualitative data are repre-

sentative of at least three independent experiments. Values

are expressed as means ± standard deviation (SD). One-

way analysis of variance (ANOVA) was used for multiple

comparisons. Treatment effects were analyzed using

Duncan’s multiple range test, performed with SPSS

software (ver. 12.0; SPSS Inc., Chicago, IL, USA).

Differences were considered statistically significant at

p < 0.05. 

Result and discussion

In this study, we evaluated the cell growth inhibition

activity of PRE fractions and p-coumaric acid using four

human gastric cancer cell lines (MKN-74, MKN-45,

SNU-16, and SNU-1 cell) and acute leukemia cell line

(HL-60 cell). Hexane, chloroform, ethylacetate and

butanol fractions of PRE inhibited the proliferation of

these cells to differing extents (Fig. 1). Among the fractions,

chloroform fractions of PRE (CPRE) and ethylacetate

fractions of PRE (EPRE) showed a significant inhibitory

effect on the proliferation of MKN-74 cells. Because

CPRE showed cytotoxic effects on a normal cell line

(Hs68 cells; data not shown), we used EPRE in

subsequent experiment. As shown in Fig. 1A, EPRE (100

µg/mL) exhibited the anti-proliferative effects against

various cancer cell lines in the order of MKN-74 cells

(81%) > SNU-16 cells (80%) > HL-60 cells (60%) >

MKN-45 cells (51%) > SNU-1 cells (30%).

p-Coumaric acid is the most abundant phytochemical

(44.10 mg/g) in PRE,12 thus the bioavailability of p-

coumaric acid may be relatively higher comparing other

constituents within body fluid. Recent study have

suggested that a 1,500 µM concentration of p-coumaric
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acid is within a physiological range in the colon after

consumption of plant extracts.15 On the basis of this

report, we used 2,000 µM of p-coumaric acid as the

highest concentration in the present study. As shown in

Fig. 1.B, p-coumaric acid (2,000 µM) effectively inhibited

the growth of HL-60 cells without cytotoxicity. Also, it

inhibited the proliferation of gastric cancer cell lines in

the order of HL-60 cells (88%) >SNU-16 cells (48%) >

SNU-1 cells (40%) > MKN-74 cells (25%) > MKN-45

cells (21%) (Fig. 1.B).

It has been reported that the extract of S. quelpaertensis

Nakai leaves and p-coumaric acid induced apoptosis in

human colon cancer cells, as well as in human leukemia

cells.16,9 Consistent with previous studies, our results

demonstrated that EPRE and p-coumaric acid effectively

inhibited the growth of human gastric cancer cells (MKN-

74 cells) and human leukemia cells (HL-60 cells),

respectively. p-Coumaric acid showed anti-cancer activity

at relatively higher concentration comparing to EPRE,

suggesting that p-coumaric acid is not a major active

compound. Therefore, it is suggested that potent anticancer

activity of EPRE is exerted through the additive and

synergistic actions of various phenolic compounds, such

as p-coumaric acid, chlorogenic acid, orientin, vitexin,

and tricin.17

Induction of apoptosis by EPRE and p-coumaric acid

was evaluated using flow cytometry by measuring the

amount of sub-G1 DNA. EPRE and p-coumaric acid

Fig. 1. Growth-inhibiting effects of phytochemical-rich extract (PRE) fraction (A) and p-coumaric acid (B) on the several human cancer
cell lines. Data are means ± standard deviation (SD) of three independent experiments. ***p < 0.001, **p < 0.01, and *p < 0.05 compared
to the untreated group.

Fig. 2. Apoptosis inducing effects of ethyl acetate fraction of PRE (EPRE) (A) and p-coumaric acid (B) in HL-60 cells. Data (means ±
SD of triplicate determinations) are representative of at least three independent experiments. ***p < 0.001 compared to the untreated
group. (A) PRE, (B) p-coumaric acid.



296 Natural Product Sciences

induced apoptosis in HL-60 cells (Fig. 2). In the control

group, the sub-G1 DNA content was 4.37%, compared

with 52.36% with a concentration of 200 µg/mL EPRE

and 54.37% with 2,000 µM of p-coumaric acid, revealing

that G1 arrest, which is an indicator of apoptosis,

increased with increasing concentrations of EPRE and p-

coumaric acid. Therefore, it was confirmed that the cell

growth inhibitory activity by EPRE and p-coumaric acid

was due to the apoptosis rather than by cell necrosis.

Apoptosis can be activated through two major pathways:

the mitochondria-dependent pathway and the death

receptor-dependent pathway. In the mitochondria-dependent

signaling pathway, the Bcl-2 family plays an important

role in pro- and anti-apoptosis signaling. The Bcl-2 family

includes both pro-apoptotic (Bax, Bad, and Bak) and anti-

apoptotic members (Bcl-2).18 Bcl-2 is among the best-

known apoptosis-suppressing gene products,19 and Bax is

a prototype apoptosis-promoting gene product.20 Regulation

of the expression of Bcl-2 family members on the

mitochondria is followed by activation of caspase-3 and

caspase-9, and cleavage of PARP.21 Caspase-3 is one of

the key executioners of apoptosis, being cleaved by

numerous proteins including nuclear enzyme PARP.22

To elucidate the molecular mechanism underlying

apoptosis by EPRE and p-coumaric acid, we assessed the

expression of Bax, Bcl-2, procapspase-3, and PARP in

MKN-74 cells and HL-60 cells. As shown in Figure 3,

EPRE and p-coumaric acid significantly decreased the

expression of Bcl-2, procaspase-3 and PARP and increased

the expression of Bax in a dose-dependent manner. These

data suggest that the apoptosis induced by EPRE and p-

coumaric acid also involves caspase-3-mediated mechanisms.

In summary, we demonstrated that EPRE and p-

coumaric acid effectively inhibit the proliferation of

MKN-74 cells and HL-60 cells by inducing apoptosis.

The relative expression levels of pro- and anti-apoptotic

proteins are key factors in the inhibitory effects of EPRE

and p-coumaric acid. Further studies on the anticancer

properties of EPRE and p-coumaric acid could further

reveal the potential of S. quelpaertensis leaves in cancer

prevention.
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