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Abstract Bamboo grass, Sasa quelpaertensis, is a native plant to Jeju Island, Korea. The leaves of Sasa plants are widely
used in traditional Korean medicine to treat inflammation-related diseases. We investigated the effect of hot water extract from
Sasa quelpaertensis leaves (HWE-SQ) on nitric oxide (NO) production and nuclear factor-kB (NF-kB) activation in
lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. HWE-SQ inhibited LPS-induced NO production and inducible NO
synthase (INOS) protein expression in a dose-dependent manner. Reporter gene assays indicated that HWE-SQ decreases
LPS-induced NF-xB transcriptional activation. However, HWE-SQ did not affect the phosphorylation and degradation of
inhibitory kBow (IkBo). HWE-SQ also directly inhibited iNOS enzyme activity in a dose-dependent manner. These results
suggest that HWE-SQ suppresses NO synthesis in macrophages by attenuating NF-kB-mediated iNOS protein expression and
inhibiting iNOS enzymatic activity, thereby implicating a mechanism by which HWE-SQ is able to ameliorate inflammation-
related diseases by limiting excessive or prolonged NO production in pathological events.
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Introduction

Nitric oxide (NO) is known to participate in the
physiological and pathological function of many organs
and is synthesized by the NO synthase (NOS) family of
enzymes (1). Three types of NOS have been identified:
neuronal NOS (nNOS), inducible NOS (NOS), and
endothelial NOS (eNOS) (2). nNOS and eNOS are
constitutively expressed in neuronal and endothelial cells,
respectively. iNOS is not constitutively present and can be
rapidly induced by inflammatory stimuli, including toxins
such as lipopolysaccharide (LPS) and cytokines (3).
Although NO plays an important physiological role as a
defense molecule in the immune system (1), the excessive
production of NO by iNOS in macrophages has been
implicated in numerous pathological processes, including
inflammation (4), and atherosclerosis (5, 6). Thus, the
suppression of NO production by down-regulating iNOS
expression and/or activity is an attractive therapeutic target.

Nuclear factor-kB (NF-kB) plays a critical role in the
transcriptional regulation of the iNOS gene induced by
LPS and cytokines (7). NF-xB is sequestered in the
cytoplasm of most resting cells by inhibitory xB (IxB)
proteins. In response to various stimuli, IkB is
phosphorylated by the IxB kinase (IKK) complex and then
rapidly degraded by the proteasome, allowing NF-xB
nuclear translocation and gene activation (8, 9).

Recently there has been increased interest and efforts in
the search for new functional food resources from herbal
medicine through bioassay-guided evaluation (10-12). The
bamboo grasses, including the genus Sasa, Phyllostachys,
and Bambusa, are widely used to treat and prevent many
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diseases, including inflammation, cardiovascular disease,
diabetes, and hypertension in traditional Korean, Chinese,
and Japanese medicine. The leaves of Sasa bamboo grass
were also reported to be used against cancer (13). Modern
scientific studies have shown that bamboo leaves have
anti-oxidant (14-17) and anti-tumor (18, 19) activities,
supporting their usage in folk medicine. It has been
reported that bamboo leaves contain a wide range of
potent anti-inflammatory and anti-oxidant agents such as
orientin, homoorientin, vitexin, isovitexin, quercetin,
luteoline, rutin, tricin, caffeic acid, (-)-syringaresinol,
chlorogenic acid, and p-coumaric acid (19-22).

Sasa quelpaertensis Nakai is a bamboo grass grown
only on Jeju Island, Korea. These leaves have been used to
make a leaf tea for the treatment of inflammatory diseases
including diabetes, hypertension, gastritis, and cancer. In
order to uncover the molecular basis of the anti-
inflammatory effect of S. quelpaertensis leaves, we
examined the inhibitory effect of hot water extract from S.
quelpaertensis leaves (HWE-SQ) on NO production,
iNOS protein expression, and NF-xB activation using an
in vitro model system of RAW 264.7 cells activated with
LPS. A macrophage RAW 264.7 cell produces proinfla-
mmatory mediators, including NO, upon stimulation with
LPS. For this reason, the decreased production of
proinflammatory mediators from these cells may serve as
a direct indicator of the anti-inflammatory properties of
nutraceuticals. We show that HWE-SQ suppresses NO
synthesis in macrophages by inhibiting iNOS enzymatic
activity and attenuating NF-xB-mediated iNOS protein
expression.

Materials and Methods

Chemicals Dulbecco’s modified Eagle’s medium (DMEM),
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fetal bovine serum (FBS), penicillin, and streptomycin
were obtained from Gibco BRL (Grand Island, NY, USA).
Antibody to inducible NOS (iNOS) was purchased from
Calbiochem (San Diego, CA, USA), antibodies to p38,
phospho-p38, JNKI1/2, phospho-JNK1/2, ERK1/2, and
phosphor-ERK1/2 were purchased from Cell Signaling
Technology (Beverly, MA, USA), and antibodies to IkBa,
and phospho-IxBa. were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The lactate
dehydrogenase (LLDH) cytotoxicity detection kit was
obtained from Takara Shuzo Co. (Otsu, Shiga, Japan). LPS
(Escherichia coli 026:B6), sodium nitroprusside (SNP),
and 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl tetrazolium
bromide (MTT) were obtained from Sigma (St. Louis,
MO, USA). All other reagents were purchased from
Sigma unless otherwise noted.

Preparation of hot water extract of S. quelpaertensis
leaves Fresh leaves of S. quelpaertensis were collected
from the region of Hallasan(Mt.) in Jeju Island, Korea.
One hundred g of the dried crushed leaves was boiled with
1 L of distilled water at 120°C for 30 min in an autoclave.
After filtration, the residue was freeze-dried into powder
and dissolved in phosphate-buffered saline to a final
concentration of 100 mg/mL. The hot water extract from
S. quelpaertensis leaves is referred to as HWE-SQ.

Cell culture The RAW 264.7 murine macrophage cell
line was obtained from the Korea Cell Line Bank (Seoul,
Korea). Cells were grown in DMEM medium with 2 mM
glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin,
and supplemented with 10% FBS in a humidified
atmosphere with 5% CO, at 37°C.

Measurement of cytotoxicity Cell viability was
determined by the MTT cell viability assay (23). Cells
were seeded at a density of 5x10* cells/well in 96-well,
flat-bottom culture plates in the presence or absence of
HWE-SQ. Mitochondrial enzyme activity, an indirect
measure of the number of viable respiring cells, was
determined using the MTT reagent after 40 hr of HWE-
SQ treatment. Absorbance was read using a MQuant
microplate reader (Bio-Tek Instrument, Winooski, VT,
USA). The effect of HWE-SQ on cell viability was
evaluated as the relative absorbance compared with that of
control cultures. The cytotoxic effect of LPS or LPS plus
HWE-SQ in RAW 264.7 cells was also estimated by the
measurement of LDH in culture supernatants (24).
Leakage of LDH is a well-known marker of damage to the
cellular membrane (25). Cytotoxicity was expressed as the
percentage of LDH released (LDH released in medium/
maximal LDH release x 100). Maximal LDH release was
measured after lysis of cells with 0.5% Triton-X100.

Nitrite assay The amount of nitrite, the end product of
NO generation by activated macrophages, was determined
by a colorimetric assay (26). Briefly, 100 pL of cell
culture medium was mixed with an equal volume of
Griess reagent [1% sulfanilamide and 0.1% naphthylethy-
lenediamine in 5% phosphoric acid] and incubated at room
temperature for 10 min. The absorbance at 540 nm was
read in a microplate reader. The nitrite concentration was
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determined by extrapolation from a sodium nitrite standard
curve.

iNOS enzyme activity The iNOS activity in cell lysates
was measured as the L-arginine- and NADPH-dependent
generation of nitrite as described previously (27). The
assay was performed by incubating 200 pg of cellular
extract from LPS-stimulated cells in the absence or
presence of HWE-SQ for 180 min at room temperature in
100 pL of reaction buffer containing 20 mM sodium
phosphate buffer, 2 mM NADPH, 2 mM L-arginine, and
10 pm FAD at pH 6.7. The reaction was stopped by the
addition of 10 U/mL LDH and 10 mM pyruvate. The
reaction mixture was incubated with an equal volume of
Griess reagent. The absorbance at 540 nm was read in a
microplate reader. The nitrite concentration was
determined by extrapolation from a sodium nitrite standard
curve.

Western blot analysis Cells were incubated with LPS
(100 ng/mL) in the absence or presence of HWE-SQ for
various times. Cells were then washed with ice-cold
phosphate buffered saline, collected, and centrifuged. The
cell pellets were resuspended in lysis buffer [SO mM Tris-
HCI, pH 7.5, 150 mM NaCl, 1% Triton X-100, 0.5%
deoxycholate, 0.1 mM EGTA, 1.0 mM EDTA, 0.1% SDS
in the presence of proteinase inhibitors] and incubated at
4°C for 20 min. Cell debris was removed by micro-
centrifugation and the protein concentration was determined
using the Bio-Rad protein assay reagent (Bio-Rad
Laboratories, Hercules, CA, USA). Cell lysates were
subjected to 7.5 or 10% SDS-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride
membranes. Membranes were blocked in a solution of
0.1% Tween 20/Tris buffered saline containing 5% nonfat
dry milk for 1 hr at room temperature. After incubation
overnight at 4°C with the primary antibody, membranes
were incubated with the horseradish peroxidase-
conjugated secondary antibody for 1 hr at room
temperature. Immunodetection was done using enhanced
chemiluminescence (Pierce, Rockford, IL, USA). The
relative band density was determined by densitometry
using image acquisition and analysis software (LabWorks,
UVP, UK).

Transient transfection and luciferase assay Cells were
cotransfected with or without 10 ng of NF-xB driven
luciferase reporter gene plasmid (pNF-xB-Luc; Promega,
Madison, W1, USA) and 4 ng of Renilla luciferase reporter
plasmid (pRL-TK; Stratagene, La Jolla, CA, USA) which
served as the internal standard, using the FuGENE 6
transfection reagent (Roche, Indianapolis, IN, USA). After
24 hr, cells were incubated with LPS (100 ng/mL) in the
absence or presence of HWE-SQ. After 24 hr of
incubation, luciferase activity in the cell lysate was
determined using the Dual-Luciferase Reporter Assay kit
(Promega). Luciferase activity was normalized to the
transfection efficiency based on Renilla luciferase
expression. The level of luciferase activity was determined
relative to unstimulated cells.

Statistical analysis Results were expressed as means+
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SD. Statistical analysis was performed by one-way
analysis of variance (ANOVA). Probability (p<0.05) were
considered significant.

Results and Discussion

HWE-SQ inhibits NO production in LPS-activated
RAW 264.7 cells It is well known that iNOS from
macro-phages is predominantly responsible for the
overproduc-tion of NO in injured tissues and inflammatory
processes (28). Thus, we chose to utilize the well-
characterized murine macrophage cell line, RAW 264.7, to
perform our studies. Treatment of cells with LPS (100 ng/
mL) induced nitrite accumulation in the culture medium
during the 24 hr observation period, indicative of NO
production (Fig. 1A). Simultaneous treatment with HWE-
SQ and LPS significantly and dose-dependently decreased
the produc-tion of NO (Fig. 1A). Post-treatment more
closely resembles an actual clinical treatment regimen than
pretreatment or cotreatment. Thus, we examined whether
HWE-SQ was able to inhibit NO production when added
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Fig. 1. Effect of HWE-SQ on LPS-induced NO production
and cell viability in RAW 264.7 cells. (A) The levels of nitrite
released in the culture medium were assayed using the Griess
reagent. The data represent the mean+SD. *p<0.01 was considered
significantly different from LPS alone-treated cells. (B) Cell
viability was determined by the MTT cell viability assay. Results
from a representative experiment are expressed as mean+SD (n =
4 in a single experiment).

J. -H. Hwang et al.

after 6 hr of stimulation with LPS. As shown in Fig. 1A,
treatment with HWE-SQ after 6 hr of LPS treatment
significantly decreased LPS-induced NO production.
HWE-SQ alone did not cause NO production (Fig. 1A).
The inhibitory effect of HWE-SQ on LPS-induced NO
production was not attributable to its cytotoxicity because
HWE-SQ at <2,000 pug/mL did not show significant
cytotoxic effects toward RAW 264.7 cells (Fig. 1B).

HWE-SQ has a direct inhibitory effect on iNOS
enzyme activity To investigate whether HWE-SQ
directly inhibits iNOS enzyme activity, RAW 264.7 cells
were stimulated with 100 ng/mL LPS for 20 hr and cell
homogenates were prepared as a source of INOS enzyme.
INOS enzyme activity in the presence or absence of
HWE-SQ (0, 125-1,000 pug/mL) was measured. HWE-SQ
inhibited the enzymatic activity of iNOS in a dose-
dependent manner (Fig. 2). These results suggest that the
direct inhibition of iNOS enzyme activity by HWE-SQ
may be responsible, in part, for the suppression of NO
production in murine macrophages. Although the
mechanism of inhibition remains to be determined, other
natural products and herbal medicines, such as Ginkgo
biloba (29) and soy isoflavones (30), have previously been
shown to selectively regulate the activity of the iNOS
isoform.

HWE-SQ inhibits iNOS protein expression in LPS-
activated RAW 264.7 cells To determine whether the
altered synthesis of iNOS was responsible for the observed
effect on NO production, we analyzed the expression of
iNOS protein by Western blot analysis. LPS increased the
levels of cellular iNOS protein after 24 hr of treatment
(Fig. 3A). Simultaneous treatment with HWE-SQ and LPS
dose-dependently attenuated LPS-induced iNOS protein
levels in RAW 264.7 cells (Fig. 3A). Densitometric
analysis (Fig. 3B) showed that LPS-induced iNOS protein
expression was significantly reduced by HWE-SQ.
Increased iNOS expression has been demonstrated in
ulcerative colitis patient samples (31) and in a variety of
human malignant tumors including breast (32) and
prostate (33). High expression of iNOS was observed in
each of these tumors compared to the adjacent normal
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Fig. 2. Effect of HWE-SQ on iNOS enzyme activity. The data
represent the mean+SD (n=3). *p<0.01 was considered signifi-
cantly different from LPS alone-treated cells.
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Fig. 3. Effect of HWE-SQ on iNOS protein expression in LPS-
activated RAW 264.7 cells. (A) The figure shows a representative
Western blot analysis from 3 independent experiments. (B) Graph
representing the changes in the protein levels of iNOS normalized
by B-actin. The data represent the meantSD. *p<0.01 was
considered significantly different from LPS alone-treated cells.

tissue (34). Therefore, inhibiting the overexpression of
iNOS may serve as a therapeutic target for preventing
chronic inflammatory disorders. In this respect, our results
indicate that HWE-SQ contains phytochemicals that can
effectively retard NO production in LPS-activated RAW
264.7 cells.

HWE-SQ inhibits NF-xB activation in LPS-activated
RAW 264.7 cells We examined the effect of HWE-SQ
on LPS-induced NF-xB activity. RAW 264.7 cells were
transiently transfected with a commercially available
plasmid designed for monitoring NF-xB activation (pNF-
KkB-Luc). When stimulated (100 ng/mL, 24 hr) with LPS,
luciferase activity increased by 12.5+0.5-fold compared to
unstimulated cells. Simultaneous treatment of HWE-SQ
with LPS significantly decreased LPS-induced NF-xB
transcriptional activity in a dose-dependent manner with
significant inhibition (Fig. 4). The transcription factor NF-
kB is important in inflammatory responses through the
regulation of iNOS (35, 36). We have demonstrated that
HWE-SQ inhibits the production of NO, expression of
iNOS protein, and activation of NF-xB. These results
together suggest that HWE-SQ inhibits NO production
and iNOS protein expression by the attenuation of NF-xB
activity in LPS-activated RAW 264.7 cells. Therefore, the
results of this study demonstrate the underlying anti-
inflammatory molecular mechanism of action of HWE-SQ
in mouse macrophage cell lines.

HWE-SQ does not affect the phosphorylation and
degradation of IxBo in LPS-activated RAW 264.7 cells
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Fig. 4. Effect of HWE-SQ on LPS-induced NF-xB activation
in RAW 264.7 cells. The luciferase activity was measured and
data were normalized by Renilla luciferase expression. The data
represent the mean+SD. *p<0.01 was considered significantly
different from LPS alone-treated cells.

We then examined cytosolic events involved in NF-kB
activation. In unstimulated cells, NF-xB is sequestered in
the cytoplasm in its inactive form, a result of being bound
to inhibitors of kB (IkB) (37). Specific NF-xB-activating
agents such as LPS promote the phosphorylation of IxBo
in RAW 264.7 cells, causing its degradation by pro-
teosomes. This proteolytic degradation activates NF-xB by
releasing it from its inactive IkBo-bound state, allowing
NF-xB to translocate to the nucleus and initiate gene
transcription via kB motif binding in the promoter region
of the iNOS gene. Although there are a number of IkB
proteins, IxBa is the primary regulator of rapid signal-
induced activation of NF-kB (38). Whether or not HWE-
SQ inhibits NF-xB transcriptional activity by attenuating
IxBo degradation was examined. LPS-stimulation induced
phosphorylation of IxBo within 10 min and phosphoryla-
tion of IxkBa had recovered to basal level by 30 min.
HWE-SQ did not affect L.PS-induced IxBo. phosphorylation
(Fig. 5A). We next determined the effect of HWE-SQ on
LPS-induced IxBo degradation. IxBa degradation happened
within 20 min upon exposure to LPS and HWE-SQ did
not inhibit LPS-induced IxBo degradation (Fig. 5B).
These results indicate that HWE-SQ may involve
transcriptional regulation through the suppression of NF-
KB trans-criptional activity without affecting IkBo
degradation in LPS-activated RAW 264.7 cells. Further
investigation will focus on the precise mechanism of
HWE-SQ-dependent modulation of NF-xB transcriptional
activation.

HWE-SQ does not affect the activation of ERK1/2,
JNK1/2, and p38 MAPK in LPS-activated RAW 264.7
cells LPS activates mitogen-activated protein kinase
(MAPKSs) signal-transduction pathways in RAW 264.7
cells (39). Three well-defined MAPKSs, extracellular
signal-regulated kinase (ERK), p38 MAPK, and c-Jun
NH,-terminal kinase (JNK), have been implicated in the
transcriptional regulation of pro-inflammatory mediators
because specific MAPK inhibitors suppress the expression
of inflammatory genes (40-42). We investigated the effect
of HWE-SQ on MAPK activation by examining the



732
A
Phospho-lkBa
10 min
20 min

HWE-SQ 0 0
LPS - + + + +

250 500 1,000 (ug/mL) HWE-SQ 0 O

J. -H. Hwang et al.

250 500 1,000 (ug/mL)
LPS - + + + +

Fig. 5. Effect of HWE-SQ on the phosphorylation and degradation of IxBc in LPS-activated RAW 264.7 cells. Whole-cell lysates
were prepared and subjected to Western blot analysis with (A) anti-phospho-IxBa antibody, and (B) anti-IxBo antibody.
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Fig. 6. Effect of HWE-SQ on the activation of ERK1/2, JNK1/
2, and p38 MAPK in LPS-activated RAW 264.7 cells. Whole-
cell lysates were prepared and subjected to Western blot analysis
with antibodies against activated ERK1/2, INK1/2, or p38 MAPK.
Total p38 MAPK was measured to ensure equal loading of
proteins.

phosphorylation of ERK1/2, JNK1/2, and p38 MAPK
with Western blot analysis (Fig. 6). Stimulation of cells
with LPS increased the phosphorylation of all three
MAPKs by 30 min. HWE-SQ did not affect the LPS-
induced phosphorylation of ERK1/2, INK1/2, and p38.

HWE-SQ inhibits LPS-induced cell death of RAW
264.7 cells LPS-induced cell death was evaluated by
LDH release into the culture medium. The level of LDH
release increased significantly to 32.5£5.2% after 24 hr of
LPS stimulation, suggesting that LPS stimulation for 24 hr
resulted in the loss of cell membrane integrity. HWE-SQ
significantly reduced LPS-induced cell death of RAW
264.7 cells (Fig. 7).

In conclusion, HWE-SQ exhibits potent inhibitory
effects on NO production by the activated macrophage cell
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Fig. 7. Effect of HWE-SQ on LPS-induced cell death in RAW
264.7 cells. Data represent the mean+SD (n=3). *p<0.01 was
considered significantly different from LPS alone-treated cells.

line RAW 264.7. The mechanism of inhibition seems to be
due to a reduction in iNOS expression and iNOS enzyme
activity. Thus, in disease states where NO overproduction
has been shown to play a role, we suggest that HWE-SQ
may be effective as an iNOS inhibitor. Furthermore, since
NF-xB is a ubiquitous transcription factor controlling the
gene expression of numerous enzymes, cytokines, cell
adhesion molecules, and growth factors involved in
inflammation, carcinogenesis, and other immunological
disorders, HWE-SQ may be an effective down-modulator
of NF-xB and thus may have additional important
therapeutic functions.
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