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Abstract − Strawberry is widely consumed in diet and has been attracted much attention due to its potential for
human health benefits. Strawberry contains a diverse range of phytochemicals but the biological activities with
molecular mechanisms are poorly elucidated yet. In this study, the effects of the extracts of strawberry (Maehy-
ang cultivar) on antioxidant, antiinflammatory, and antiproliferative potential against various cancer cells were
investigated. The strawberry extracts (SE) of Maehyang cultivar showed 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging activities. In addition, SE inhibited the growth of human colon (HCT-116), lung (A549),
stomach (SNU-638) and fibrosarcoma (HT-1080) cancer cells. The strawberry extracts also exhibited the inhib-
itory effect on lipopolysaccharide (LPS)-stimulated nitric oxide (NO) production and suppressed LPS-induced
inducible nitric oxide synthase (iNOS) protein and mRNA expression in mouse macrophage RAW 264.7 cells.
These findings suggest that the strawberry extracts (Maehyang cultivar) might have antioxidant, antiinflam-
motry, and anticancer activities.
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INTRODUCTION

Epidemiological studies suggest that a high dietary
intake of fruits and vegetables is strongly associated with
the alleviation of incidence of cardiovascular, degenera-
tive diseases, and cancer (Meysken and Szabo, 2005;
Steinmetz and Potter, 1991; Temple, 2000; Willett, 1994).
Strawberry (Fragaria×ananassa Duch.) is one of the
most commonly consumed berries. Together with other
soft fruit, it is important dietary source of fiber and bioac-
tive compounds both micronutrients and phytochemicals.
In particular, strawberry has a diverse range of phy-
tochemicals, especially phenolic compounds such as
phenolic acids (hydroxybenzoic acids, hydroxycinnamic
acids), ellagic acid, and flavonoids (anthocyanin, cat-
echin, quercetin and kaempferol), which contribute to its
biological properties including antioxidant, anticancer, and
cancer chemopreventive activities (Das, 1994; Heinonen

et al., 1998; Sun et al., 2002; Vinson et al., 2001; Wang
et al., 1997).

A body of evidences suggest that reactive oxygen spe-
cies (ROS) and pro-inflammatory mediators such as NO
are closely implicated in various pathological processes,
including atherosclerosis, several degenerative diseases,
and cancer (Ames et al., 1993; Dreher and Junod, 1998;
Kröncke et al., 1998; Patel et al., 2000). Although these
molecules have been known to mediate tissue homeosta-
sis and cellular signal transduction (Lander, 1997), they
can also participate in various pathological conditions. For
example, sustained damages of DNA, cell membrane,
and protein, which are caused by ROS, can initiate and
promote the transformation of normal cells to cancerous
cells (Dreher and Jonod, 1998). In addition, NO has also
been implicated in a variety of pathophysiological condi-
tions including atherosclerosis, inflammation, and carcino-
genesis (Kröncke et al., 1998; Ohshima and Bartsch,
1994). Since inducible nitric oxide synthase (iNOS) is
responsible for the overproduction of NO in inflamma-
tion, iNOS has been attracted as a target to develop new
substances for the treatments of chronic inflammatory
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diseases (Hobbs et al., 1999). NO synthesized by iNOS
has also been considered as an important mediator of
carcinogenesis. NO can react with reactive oxygen spe-
cies and then produce reactive nitrogen species contrib-
uted to DNA damage and mutagenesis (Wiseman and
Halliwell, 1996). Thus, compounds that modulate the pro-
duction or activity of ROS and NO, including free radical
scavengers, and inhibitors of iNOS, might be considered
as cancer chemopreventive agents. 

Maehyang is a cross-fertilized cultivar between Dochi-
nomine and Akihme, first produced at Nonsan straw-
berry experiment station in 1997. It is a valuable Korean
domestic cultivar with excellent flavor, fragrance, and sac-
charinity. However, the biological activities of Maehyang
have not been reported yet. Thus, in the present study,
we evaluated the chemopreventive potential of Maehyang
with antioxidant, antiinflammatory, and antiproliferative
activities against human cancer cells. This study exclu-
sively demonstrates the beneficial effects of strawberry
(Meahyang) in human health and disease prevention. 

MATERIALS AND METHODS

Chemicals
Dulbecco’s Modified Eagle medium (DMEM), Roswell

Park Memorial Institute medium 1640 (RPMI 1640 medium),
fetal bovine serum (FBS), antibiotics-antimycotics solu-
tion, and trypsin-EDTA were purchased from Invitrogen
(Grand Island, NY, USA). 1,1-diphenyl-2-picrylhydrazyl
(DPPH), vitamin C, lipopolysaccharide (LPS, E. coli
0111:B4), N-(1-naphthyl)ethylnenediamine dihydrochloride,
sulfanilamide, sulforhodamin B (SRB), trichloroacetic
acid, TRI reagent, sodium nitrite, ellipticine, and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
mouse monoclonal anti-β-actin were purchased from Sigma
(St. Louis, MO, USA). Rabbit polyclonal anti-iNOS was
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA).

Cell culture
Murine macrophage RAW 264.7 cells, human lung car-

cinoma (A549), colorectal carcinoma (HCT-116), fibrosar-
coma (HT1080), and stomach adenocarcinoma (SNU-
638) cells were obtained from American Type Culture
Collection (ATCC, Manassas, VA, USA) or Korean Cell
Line Bank (KCLB, Seoul, Korea). RAW 264.7 and HT-
1080 cells were cultured in DMEM. HCT-116, SNU-638,
and A549 cells were cultured in RPMI 1640 medium. All
media were supplemented with 10% heat-inactivated
FBS and antibiotics. All cells were incubated at 37oC, 5%

CO2 in the humidified atmosphere.

Preparation of test materials
After removing the stalk, Maehyang strawberries were

pulverized, and then methanol were added to pulverized
strawberry in the ratio of 270 g of strawberries with 1 L of
solvent. The suspension was sonicated for 10 min and
then filtered. The filtrate was concentrated in vacuum to
afford a residue and stored at -20oC (Moist content of the
strawberry: 92.2%, MeOH/strawberry=3.7 mL/g).

Evaluation of the antioxidant potential of test mate-
rials (DPPH)

The antioxidant properties of test materials were evalu-
ated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity (Lee et al., 1998). Test materials, dis-
solved in DMSO, were incubated with 300 µM of DPPH
ethanol solution at 37oC for 30 min in 96 well plates. The
absorbance was measured at 515 nm. % of inhibition, the
degree of radical scavenging by test groups, was deter-
mined by comparison with vehicle-treated control group.
IC50 values, which denote the concentration of test sam-
ples for bringing to scavenge 50% of DPPH radicals,
were calculated using non-linear regression analysis (%
inhibition versus concentration). Vitamin C was used as
positive control.

Antiproliferative effect of cancer cell growth 
To evaluate the anti-proliferative potential of test mate-

rials against various human cancer cells, sulforhodamine
B assay (SRB assay) was performed according to the
previously reported procedure with some modifications
(Skehan et al., 1990). Cells (1×104 cells/well) were
plated in 96 well plates with various concentrations of test
materials. After 3 day incubations, cells were fixed with
10% trichloroacetic acid solution for 30 min at 4oC, washed
five times with tap water, and dried in the air. Thereafter,
cells were stained with 0.4% SRB in 1% acetic acid solu-
tion for 1 h at room temperature. Unbound cells were
washed out by 1% acetic acid, SRB bound cells were
solubilized 10 mM Tris (pH 10.0), and absorbance was
measured at 515 nm. The result was expressed as a per-
centage, relative to solvent-treated control incubations,
and the IC50 values were calculated using non-linear
regression analysis (percent survival versus concentration).

Nitrate assay
To evaluate the inhibitory activity of test materials on

LPS-induced NO production, RAW 264.7 cells in 10%
FBS-DMEM without phenol red were plated in 24 well
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plates (5×105 cells/ml), and incubated for 24 h. After incu-
bation, cells were washed with PBS. Replaced with fresh
media, and then incubated with 1 µg/ml of LPS in a pres-
ence or absence of test samples. After additional 20 h
incubation, the media were collected and analyzed for
nitrite accumulation as indicator of NO production by the
Griess reaction (Green et al., 1982). Briefly, 180 µl of
Griess reagents (0.1% N-(1-naphthyl)ethyl-enediamine
dihydrochloride in H2O and 1% sulfanilamide in 5%
H3PO4) were added to 100 µl of each supernatant from
LPS or sample-treated cells in 96 well plates. The absor-
bance was measured at 540 nm using microplate reader
(Bio-Rad Laboratories, Hercules, CA, USA), and nitrite
concentration was determined by comparison with a
sodium nitrite standard curve. % Inhibition was expressed
as [1-(NO level of test samples/NO levels of vehicle-
treated control)]×100. The IC50 value, the sample con-
centration resulting in 50% inhibition of NO production,
was determined using non-linear regression analysis (%
inhibition versus concentration). NG-monomethyl-L-argin-
ine (L-NMMA) was used as a positive control. 

MTT assay
To examine whether the inhibitory effects of test sam-

ples on LPS-induced NO production were related to their
cytotoxicity, cell viability was determined directly by the
mitochondrial-dependent reduction of MTT to formazan
(Alley et al., 1988) in this assay system. After Griess
reaction, MTT solution was added to the media (final 500
µg/ml) and then incubated at 37oC for 4 h. The media
were discarded, 1 ml of DMSO was added each well to
dissolve the formazan, and then absorbance was mea-
sured at 570 nm. 

Reverse transcriptase-polymerase chain reaction
(RT-PCR)

RAW 264.7 cells were stimulated with 1 µg/ml LPS in a
presence or absence of test sample for 4 h. Total cellular
RNA was extracted with TRI reagent (Sigma) according
to the manufacturer’s recommended procedure. About 1
µg of total RNA was reverse-transcribed using oligo-(dT)15

primers and avian myeloblastosis virus reverse tran-
scriptase (Promega, Madison, WI, USA). PCR was per-
formed in a reaction mixture containing the obtained
cDNA, 0.2 mM dNTP mixture (Promega), 10 pmol of tar-
get gene-specific primers, and 0.25 unit of Taq DNA poly-
merase (Promega) using GeneAmp PCR system 2400
(Applied Biosystems, Foster, CA, USA). The sense and
antisense primers for iNOS were 5-ATGTCCGAAG-
CAAACATCAC-3 and 5-TAATGTCCAGGAAGTAGGTG-

3, respectively. The sense and antisense primers for β-
actin were 5-TGTGATGGTGGGAATGGGTCAG-3 and 5-
TTTGATGTCACGCACGATTTCC-3, respectively. Each of
PCR steps was performed as follows: initial denaturation
step for 4 min at 94oC; 25-30 cycles of amplification step
consisting denaturation for 30 s at 94oC, annealing for 30
s at 55oC, and elongation for 30 s at 72oC; and final
extension step for 5 min at 72oC. PCR products were
separated by 2% agarose gel electrophoresis, stained
with SYBR-Gold (Molecular Probes, Eugene, Oregon,
USA), and visualized by UV transillumination.

Western blot
Cells were seeded into 60 mm dishes at density of

3×105 cells/dish. After 24 h incubation, cells were treated
with test samples for the indicated times. Harvested cells
were washed with PBS, suspended with boiling 2×sample
loading buffer (250 mM Tris-HCl (pH 6.8), 4% SDS, 10%
glycerol, 0.006% bromophenol blue, 2% β-mercaptoetha-
nol, 50 mM sodium fluoride, and 5 mM sodium orthovan-
adate) and further incubated for 5 min at 100oC for
complete lysis. Equal amount (40 or 80 µg) of protein
samples were subjected to 6~15% SDS-PAGE. Sepa-
rated proteins were electrically transferred onto PVDF
membranes (Milipore, Bedford, MA, USA). Membranes
were blocked with blocking buffer (5% non-fat dry milk in
PBS containing 0.1% Tween-20 (PBST)) for 1 h at room
temperature. After washing three times with PBST, mem-
branes were incubated with primary antibodies diluted in
3% non-fat diary milk in PBST (1:200~ 1:2000) overnight
at 4oC. Membranes were washed three times with PBST,
and incubated with corresponding secondary antibodies
diluted in 3% non-fat dry milk in PBST (1:1000~1:5000)
for 2 h at room temperature. Membranes were washed
three times with PBST, and then exposed to enhanced
chemiluminescence (ECL) detection kit (LabFrontier,
Suwon, Korea). Blots were detected by LAS 3000 (Fuji
Film Corp., Japan).

Statistics
All experiments were repeated at least three times.

Data were presented as means±S.E.M. for the indicated
number of independently performed experiments. Stu-
dent’s t-test was used for the determination of statistical
significance. P<0.05 was considered significant.

RESULTS

Antioxidant effects of strawberry extracts (SE)
We examined antioxidant potential of strawberry extract
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of Maehyang cultivar by the use of DPPH that stably gen-
erates free radicals in ethanol solution. As shown in Fig.
1, strawberry extracts (SE) exhibited radical scavenging
activities in a dose-dependant manner with an IC50 value
of 0.75 mg/ml. Vitamin C, a positive control, showed IC50

value of 21.9 µg/ml in this assay system. The result sug-
gests that SE may possess antioxidant potential by scav-
enging free radical generation.

Inhibitory effects on the proliferation of human can-
cer cells

The growth inhibitory potential of SE was determined in
cultured human cancer cell lines by a colorimetric SRB
protein dye staining method. The results were expressed
as a percentage, relative to control cell number, indicat-
ing the extent of growth inhibitory effect of the test mate-
rial SE. As summarized in Table I and Fig. 2, SE has anti-
proliferative effects against the various tested cancer cell
lines. Among tested cell lines, SE showed the most potent
inhibitory activity in human fibrosarcoma HT1080 cells.

Anti-inflammatory effects of strawberry extracts
The effect of SE on LPS-induced NO production was

examined in RAW 264.7 cells. Nitrite, the stable metabo-
lite of NO and used as an indicator for NO production,
was monitored in cultured LPS-stimulated RAW 264.7
cells. LPS (1 µg/ml) markedly increased the production of
NO from the basal level of 1.4±0.1 µM to 34.0±1.1 µM
for 20 h incubation. In this assay system, L-NMMA, a

positive control of non-selective inhibitor of NOS (Leiper
and Vallance, 1999), exhibited an IC50 of 34 µM (data not
shown). When the cells were simultaneously treated with
various concentrations of SE and LPS, NO production
was significantly inhibited in a dose-dependent manner
with an IC50 value of 2.1 mg/ml (Fig. 3). No significant
effect on cell viability was observed at a test concentra-
tion up to 5 mg/ml SE as determined by MTT assay
(>95% cell survival).

To elucidate the mechanisms of action of SE on the
inhibition of NO production, further study was performed.
Since the accumulation of NO by LPS treatment in mac-
rophages is highly correlated to the enhanced expres-
sion of iNOS protein and mRNA (Geller et al., 1993;

Fig. 1. DPPH free radical scavenging activity of strawberry
extracts (SE). Strawberry extracts (SE) were incubated with
300 µM of DPPH ethanol solution at 37oC for 30 min. The
absorbance was measured at 515 nm, and DPPH radical
scavenging activity of each sample was determined in compar-
ison with vehicle-treated control group. 

Table I. Anti-proliferative activity of the strawberry extracts
(SE) against human cancer cell lines. 

IC50

SE (mg/ml) Ellipticine (µM)

A549 7.7 1.1

SNU-638 9.1 1.0

HCT-116 3.8 0.9

HT-1080 1.1 0.9

Fig. 2. Inhibitory effects of strawberry extracts (SE) on the pro-
liferation of various human cancer cells. Cells were incubated
with various concentrations of strawberry extracts (SE) for 72
h. After incubation, cells were fixed with 50% trichloroacetic
acid solution, and then stained with 0.4% sulforhodamine B
(SRB) solution. Stained cells were dissolved in Tris buffer (pH
10.0), and absorbance was measured at 515 nm. Proliferation
of each concentration was determined by comparison with
vehicle-treated control cells.
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Lyons et al., 1992; Schmidt et al., 1992), the effects of SE
on the iNOS protein and gene expression were deter-
mined. As shown in Fig. 4, the treatment of LPS (1 µg/ml)
for 16 h markedly enhanced expression of iNOS protein,
and this effect was diminished by the co-treatment of SE
(1.25-5 mg/ml) in a dose-dependent manner. To further
investigate the effect of SE on LPS-induced iNOS mRNA
levels, steady-state levels of iNOS mRNA were deter-
mined using RT-PCR analysis. As shown in Fig. 5, SE
moderately decreased the levels of iNOS mRNA induced
by LPS, suggesting that the inhibitory activity of iNOS by
SE might be correlated to the suppression of iNOS gene
and protein expression. 

DISCUSSION

Recently, there have been many reports which postu-
late the relevance between the ROS and other inflamma-
tory mediators with various diseases, leading to much
attention for natural products with antioxidative and anti-
inflammatory activities. Especially, phenolic compounds in
natural products possess various pharmacological prop-
erties such as antioxidative, antimutagenic, and anticancer
potentials. Thus, allowing possibilities in the development of
agents are effective for the cardiovascular disease and
prevention and cure of the cancer. In strawberry, beyond
saccharides, several phenolic compounds including ellagic
acid and flavonoids (anthocyanin, catechin, quercetin and
kaempferol, etc.) are also abundant (Häkkinen et al.,
2000; Sandra and Hannum, 2004). These compounds in
strawberries might be related to the biological activities of
its antioxidant and anticancer properties (Bors and Saran,
1987; Das, 1994; Laranjinha et al., 1994; Sandra and
Hannum, 2004; Wang et al., 1996). Although several bio-
logical activities were reported using western strawberries
there is no significant information for the pharmacological
activities using Korean domestic strawberry cultivar.
Therefore, in this study, we tried to provide implicative
information for the biological activities with the Korean
strawberry cultivar of Maehyang. Primarily, studies regard-
ing the biological activities such as scavenging free radi-
cals, suppressing pro-inflammatory processes, and inhibiting
proliferation against human cancer cells of the Maehy-
ang strawberry cultivar were conducted. Oxidative stress
has been implicated in an enormous variety of physiologi-
cal and pathological processes. An oxidation-reduction
imbalance in a healthy living system leads to malfunction-
ing of cells that can ultimately result in various diseases,
including aging, cancer, neurological degeneration, and

Fig. 3. Inhibitory effects of strawberry extracts (SE) on
lipopolysaccharide (LPS)-induced nitric oxide (NO) production.
RAW 264.7 cells (5×105 cells/ml) were incubated in 24 well
plates for 24 h, then stimulated by the treatment of LPS (1 µg/
ml) with or without strawberry extracts (1.25-5 mg/ml). After 20
h, the media were collected and examined the amount of NO
production using colorimetric Griess reaction. The data were
expressed as mean±S.E.M. of triplicate test. 

Fig. 4. Inhibitory effects of strawberry extracts (SE) on the
expression of inducible nitric oxide synthase (iNOS) protein.
RAW 264.7 cells stimulated with lipopolysaccharide (LPS) (1
µg/ml) with or without strawberry extracts (1.25-5 mg/ml) for 4
h. Western blot analysis was subjected for the iNOS protein
expression and data were representative of three separated
experiments.

Fig. 5. Inhibitory effects of strawberry extracts (SE) on the
expression of inducible nitric oxide synthase (iNOS) mRNA.
RAW 264.7 cells stimulated with lipopolysaccharide (LPS) (1
µg/ml) with or without strawberry extracts (1.25-5 mg/ml) for 4
h. iNOS mRNA expression was determined by RT-PCR analy-
sis, and data were representative of three separated experi-
ments. 
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arthritis. Thus, in this study, we examined antioxidant
potential of strawberry extract of Maehyang (SE) by the
use of DPPH that stably generates free radicals in etha-
nol solution. As a result, SE showed free radical scaveng-
ing activities in a dose-dependent manner. Strawberries
have been shown to exhibit high total antioxidant capac-
ity in comparison to many other fruits (Wang et al., 1996),
and this antioxidant activity has been shown to vary
among different species. Therefore, comparison of anti-
oxidant activity among other domestic strawberry culti-
vars would be interesting and may provide beneficial
information. Since increased NO production and overex-
pression of inducible nitric oxide synthase (iNOS) are
considered to be strongly related to the pathogenesis of
several diseases including inflammation and carcinogen-
esis, regulation of iNOS in cells might be important for the
treatment of inflammation and carcinogenesis (Chan et
al, 1998; Hobbs et al, 1999; Kawamori et al, 1999; Rao et
al, 2000). The present results demonstrate that straw-
berry inhibits the production of NO in LPS-activated RAW
264.7 macrophage cells in a dose-dependent manner,
and subsequent study revealed that the inhibitory effect
of strawberry on NO production was highly related to the
suppression of iNOS protein and gene expression as
assessed by Western and RT-PCR analysis. Further-
more, strawberry extracts have been shown to inhibit the
expression of COX-2 mRNA in vitro, which would modu-
late the inflammatory process (data not shown). COX-2,
which produces PGE2, is induced by the response of sev-
eral pro-inflammatory stimuli such as bacterial lipopoly-
saccharide (LPS), interleukn-1 (IL-1), and interferon-γ
(IFN-γ) (Duois et al., 1998; Kröncke et al., 1998). In many
previous studies, phenolic compounds in the strawberry
were reported to have suppressive effect for cancer pro-
gression. We therefore evaluated the growth inhibition,
activity of SE against cancer cells including human lung,
stomach, colon and fibrosarcoma cells. SE also inhibited
the proliferation of cancer cells tested in a dose-depen-
dent matter. In a previous study by Xue et al., freeze-
dried extracts of strawberries exhibited the potent chemo-
preventive activity which appears to involve cellular trans-
formation and interference of uptake, activation, detoxifica-
tion, and/or intervention of DNA binding and DNA repair
(Xue et al., 2001). Therefore, the anti-proliferative effect
of SE might be valuable information in relation to the
chemopreventive potential of SE in cancer cells. 

In summary, we evaluated, for the first time, the biologi-
cal activities of the extracts of Maehyang cultivar, a
Korean domestic strawberry, using in vitro assay sys-
tems. The extracts exhibited antioxidant effects by free

radical scavenging activities. The SE also possesses the
anti-inflammatory activity with the suppression of LPS-
induced NO production and iNOS gene expression in
macrophage cells. Anti-proliferative effects of human can-
cer cell growth by SE might also be valuable information
in the control of cancer. These findings provide additional
pharmacological information of Korean domestic straw-
berry cultivar Maehyang extracts as useful sources for
the development of functional foods.
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