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BACKGROUND/OBJECTIVES: Inflammatory bowel disease (IBD), including Crohn's disease and ulcerative colitis, involves chronic 
inflammation of the gastrointestinal tract. Previously, Sasa quelpaertensis leaves have been shown to mediate anti-inflammation 
and anti-cancer effects, although it remains unclear whether Sasa leaves are able to attenuate inflammation-related intestinal 
diseases. Therefore, the aim of this study was to investigate the anti-inflammatory effects of Sasa quelpaertensis leaf extract 
(SQE) using an in vitro co-culture model of the intestinal epithelial environment. 
MATERIALS/METHODS: An in vitro co-culture system was established that consisted of intestinal epithelial Caco-2 cells and 
RAW 264.7 macrophages. Treatment with lipopolysaccharide (LPS) was used to induce inflammation. 
RESULTS: Treatment with SQE significantly suppressed the secretion of LPS-induced nitric oxide (NO), prostaglandin E2 (PGE2), 
IL-6, and IL-1β in co-cultured RAW 264.7 macrophages. In addition, expressions of inducible nitric oxide synthase (iNOS), 
cyclooxygenase (COX)-2, and tumor necrosis factor (TNF)-α were down-regulated in response to inhibition of IκBα phosphorylation 
by SQE. Compared with two bioactive compounds that have previously been identified in SQE, tricin and P-coumaric acid, 
SQE exhibited the most effective anti-inflammatory properties. 
CONCLUSIONS: SQE exhibited intestinal anti-inflammatory activity by inhibiting various inflammatory mediators mediated through 
nuclear transcription factor kappa-B (NF-kB) activation. Thus, SQE has the potential to ameliorate inflammation-related diseases, 
including IBD, by limiting excessive production of pro-inflammatory mediators.
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INTRODUCTION1)

Inflammatory bowel disease (IBD) includes ulcerative colitis 
(UC) and Crohn’s disease (CD), and these diseases are 
characterized by chronic inflammation of the gastrointestinal 
tract. However, the etiopathogenesis for these diseases has not 
been elucidated [1, 2]. In addition, the prevalence of UC and 
CD has been increasing worldwide. The clinical features of CD 
include pain, diarrhea, and narrowing of the gut lumen which 
causes strictures and fistulization of the skin that lead to bowel 
obstruction [3]. The clinical features of UC include an increasing 
loss of peristaltic function, diarrhea, blood loss, and bloody stool 
[4]. During the propagation and initiation of IBD, the mucosal 
epithelial barrier is compromised and macrophages secrete 

chemokines and pro-inflammatory cytokine [5,6]. In patients 
with IBD, intestinal immune cells and macrophages have been 
found to secrete large amounts of pro-inflammatory cytokines 
such as interleukin (IL)-6, IL-1β, prostaglandin E2 (PGE2), and 
tumor necrosis factor (TNF)-α, thereby leading to damage of 
the intestinal epithelial monolayers and subsequent mucosal 
inflammation [7,8]. Nuclear transcription factor kappa-B (NF-κB) 
regulates various inflammation-related genes, and is activated 
and translocates into the nucleus via phosphorylation of the 
IκB complex. Once in the nucleus, NF-κB binds the IκB promoter 
region of various target genes and induces the production of 
pro-inflammatory mediators such as cyclooxygenase-2 (COX-2) 
inducible nitric oxide synthase (iNOS), TNF-α, IL-6, and IL-1β 
[9,10].
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Fig. 1. Schematic representation of the in vitro co-culture system that was 
established. Caco-2 cells were grown in 6-well cell culture inserts with a semipermeable 
support membrane. Murine RAW 264.7 macrophages were cultured in 6-well culture 
plates. Culture inserts containing Caco-2 cells were placed in the 6-well plates to 
establish the co-culture system.

Previously, intestinal inflammation has been studied using 
animal models. The most widely used animal models for colitis 
include dextran sodium sulfate (DSS), and 2,4,6-trinitrobenzene 
sulfonic acid (TNBS)-induced models [11]. There are also several 
genetically modified animal models that are available, including 
an IL-2 knock-out mouse [12], an IL-10 knock-out mouse [13], 
and an IL-15 transgenic mouse [14]. However, in vitro models 
are also needed to understand the regulatory mechanisms of 
anti-inflammatory drugs or food factors in colitis. In the present 
study, an in vitro model of intestinal inflammation was 
established using a co-culture system of human intestinal 
epithelial-like Caco-2 cells and RAW 264.7 macrophages. This 
model closely resembles human colitis at the cellular level, and 
thus, was used to investigate the effects of Sasa quelpaertensis 
leaf extract (SQE) in comparison with individual bioactive 
compounds of SQE, tricin and P-coumaric acid.

Interest in identifying new functional food resources from 
herbal medicines used to treat various gastrointestinal diseases, 
including IBD, has recently increased [15]. The genus Sasa 
(poaceae), known as bamboo grass, is broadly cultivated in 
Korea, China, Japan, and Russia [16]. Moreover, Sasa leaves are 
commonly used for the treatment of hypertension, cardio-
vascular disease, inflammation, and cancer [17-19]. Sasa quelpa-
ertensis Nakai is a bamboo grass native to Korea and is only 
cultivated on Mt. Halla on Jeju Island in South Korea. Analysis 
of SQE has previously showed that it contains a mixture of 
polysaccharides, amino acids, and polyphenols, including tricin 
and P-coumaric acid [19]. Although several studies have reported 
a number of beneficial effects mediated by Sasa leaves, only 
a limited number of studies have investigated the anti- 
inflammatory effects and mechanisms of SQE on chronic colitis 
at the cellular level in vitro.

Therefore, in the present study, SQE was prepared and 
evaluated for its potential to mediate anti-inflammatory effects. 
In addition, the effects of SQE on related inflammatory 
mediators and NF-κB signaling in response to LPS in co-cultured 
Caco-2 cells and RAW 264.7 macrophages was investigated.

MATERIALS AND METHODS

Preparation of SQE and HPLC analysis
Sasa quelpaertensis leaves were obtained from Jeju Island in 

South Korea. After being cleaned and dried, leaves (1 kg) were 
mixed with ethanol:water (70:30, v/v) and were incubated at 
room temperature (RT) for 48 h. The resulting SQE was filtered 
and concentrated at 60°C using a rotary evaporator, then was 
freeze-dried and ground into a powder. SQE was stored at -20°C 
until needed. A 2695 high performance liquid chromatography 
(HPLC) Alliance system (Waters Corp., Milford, MA, USA) was 
used to analyze the major compounds present in the SQE, 
including P-coumaric acid and tricin. HPLC system included a 
column oven, auto-injector, pump and Waters 2998 photodiode 
array detector. A detailed analysis of SQE and its chromatogram 
has been described elsewhere and both P-coumaric acid (1.13 
mg/g) and tricin (0.82 mg/g) were identified as peaks in the 
HPLC chromatograms [20].

Cell culture
The human intestinal epithelial cell line, Caco-2 cells, was 

obtained from the American Type Culture Collection (ATCC, 
Manassas, VA, USA), and was cultured in high glucose Dubelcco’s 
modified Eagle’s medium (DMEM) (Gibco, Rockville, MD, USA) 
supplemented with Non-Essential Amino Acids (Invitrogen, 
Carlsbad, CA, USA). Murine macrophage cells, RAW 264.7, were 
obtained from the Korean Cell Line Bank and were maintained 
in DMEM with 100 μg/ml streptomycin, 100 U/ml penicillin 
(Invitrogen, Carlsbad, CA, USA), and 10% fetal bovine serum 
(FBS; Hyclone, Logan, UT, USA) at 37°C in a humidified 5% CO2 
atmosphere.

Cell viability
RAW 264.7 macrophages were seeded in 12-well plates (5.0

× 105cells/well) and incubated at 37°C with 5% CO2. For 
cytotoxicity assays, cells were treated with various concent-
rations of SQE (100, 200, and 400 μg/ml) or comparable doses 
of tricin (1 μM) and P-coumaric acid (2.4 μM). After 24 h, the 
cells were trypsinized, pellets were washed with PBS, and each 
set of cells was resuspended. The cells were subsequently 
stained with trypan blue and unstained viable cells were 
counted using a hemocytometer. The proportion of unstained 
cells to the total number of cells were recorded and used to 
calculate cell viability.

Co-culture system
A co-culture system was established as described previously 

[21]. Briefly, Caco-2 cells (passage numbers: 48 - 62) were seeded 
onto Transwell insert plates (3.75 × 105 cells/well; Corning Costar 
Corp., Cambridge, MA, USA) and incubated for 21 d to obtain 
an integrated cell monolayer with a transepithelial electrical 
resistance value (TER) 1,200 Ω cm2 using a Millicell-ERS instru-
ment (Millipore Corporation, Billerica, MA, USA). Cell culture 
medium was changed every 3 d. RAW 264.7 macrophages 
(passage numbers: 10 - 30) were seeded in 6-well tissue culture 
plates (8.5 × 105 cells/well) and incubated overnight. After 
replacing the media with RPMI1640, transwell inserts containing 
Caco-2 cells were added to the 6-well plates containing RAW 
264.7 macrophages (Fig. 1). To evaluate the anti-inflammatory 
effects of SQE in this co-culture system, various concentrations 
of SQE were applied to the apical side of the transwell insert 
for 3 h, followed by the addition of 1 μg/ml lipopolysaccharide 
(LPS, Santa Cruz Biotechnology, Santa Cruz, CA, USA) to the 
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Fig. 2. SQE did not affect the viability of RAW 264.7 macrophages in the 
co-culture system. RAW 264. 7 cells were seeded in 12 well-plates and treated with 
various doses of SQE (100, 200, and 400 μg/ml), as well as individually with two 
bioactive compounds, tricin (1 μM) and P-coumaric acid (PC, 2.4 μM), at concentration 
equivalent to that contained in 400 μg/ml SQE. After 24 h, each set of cells was stained 
with trypan blue. Both stained and unstained cells were counted, and the proportion 
of unstained cells was used to calculate cell viability. One-way ANOVA was applied using 
Tukey’s post-hoc test (α = 0.05). SQE, Sasa quelpaertensis extract; PC, P-coumaric 
acid. 

basolateral side. After an additional incubation overnight, 
culture supernatants from the basolateral side were collected 
to measure levels of nitric oxide (NO), PGE2, IL-6, and IL-1β. 
The cultured cells were subsequently harvested to isolate total 
RNA for RT-PCR and western blot analyses.

Assay for NO production
NO production was monitored by measuring the nitrite 

content in RAW 264.7 macrophages culture medium. Briefly, 
Griess reagent (0.1% N-1-naphthylenediamine dihydrochloride 
and 5% H3PO4 solution) was added to each sample in a 1:1 
(v/v) manner. After gentle mixing and 15 min incubation in the 
dark, NO levels were subsequently measured and compared 
with a nitrate standard curve. Absorbance values at 560 nm 
were measured using a microplate reader (Molecular Devices, 
Sunnyvale, CA, USA).

Measurements of cytokine secretion from RAW 264.7 macrophages
Intestinal epithelial Caco-2 cells and RAW 264.7 macrophages 

were co-cultured in the presence of either LPS (1 μg/ml) alone 
or LPS in combination with SQE (100, 200, or 400 μg/ml), tricin, 
or P-coumaric acid. Each culture medium was collected and the 
levels of PGE2, IL-6, and IL-1β were determined using comm-
ercially available enzyme-linked immunosorbent assay (ELISA) 
kits (R&D Systems, Minneapolis, MN, USA).

Western blot analysis
Cells were washed twice with ice-cold phosphate-buffered 

saline (PBS) and total protein was extracted using radioimm-
unoprecipitation (RIPA) buffer. Following centrifugation (13,000
× g, 15 min, 4°C), supernatants were collected and stored at 

-80°C. The total protein concentration for each sample was 
determined using the Bradford colorimetric method [22]. 
Proteins were subsequently separated using 10% SDS-polyacry-
lamide gel electrophoresis, and then were transferred to 
polyvinylidene difluoride (PVDF) membranes. These membranes 
were incubated with specific primary antibodies, including 
mouse anti-COX-2, rabbit anti-iNOS, rabbit anti-IκBα, and rabbit 
anti-phospho-IκBα antibodies (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). After an overnight incubation at 4°C, membranes 
were blocked and incubated with secondary anti-rabbit or 
anti-mouse IgG-conjugated horseradish peroxidase antibodies 
(Santa Cruz Biotechnology) for 1-2 h at RT. Immunodetection 
was performed using an enhanced chemiluminescence western 
blot detection agent (Amersham Pharmacia Biotech, Piscataway, 
NJ, USA). Levels of α-tubulin (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) were also detected as an internal loading control. 

Reverse transcription-PCR and quantitative RT-PCR
Total RNA was isolated from cultured cells using Trizol 

(Invitrogen, CA) according to the manufacturer’s instructions. 
cDNA was synthesized by reverse transcription using a 
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific, Waltham, MA, USA). PCR amplification included the 
following conditions: an initiation step at 94°C for 5 min, 
denaturation at 94°C for 30 s, annealing at 51.5°C for 45 s, and 
an extension step at 72°C for 2 min using Taq polymerase 
(TAKARA, Tokyo, Japan). The resulting PCR products were 

separated in a 2% agarose gel containing ethidium bromide. 
The primers used included: 5’-ATGAGCACAGAAAGCATGATC-3’ 
(forward) and 5’-TACAGGCTTGTCACTCGA ATT-3’ (reverse) for 
TNF-α; 5’-GCCTTCCGTGTTCCTACCC-3’ (forward) and 5’-TGCCTGC 
TTCACCACCTTC-3’ (reverse) for glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH). All samples were normalized to the 
housekeeping gene, GAPDH, which was not affected by the 
experimental treatments. 

Statistical analysis
Data are expressed as the mean ± standard error of the mean 

(SEM). Statistical analyses were performed using one-way 
analysis of variance (ANOVA) and GraphPad Prism, version 3.0 
(GraphPad Software, Inc., San Diego, CA USA), followed by 
Tukey’s post-hoc test. At least three independent experiments 
were performed in triplicate. Differences with a P-value less than 
0.05 were considered statistically significant. 

RESULTS

SQE treatment did not affect the viability of RAW 264.7 
macrophages

Various concentrations of SQE (0, 100, 200, and 400 μg/ml), 
as well as tricin (1 μM) and P-coumaric acid (2.4 μM) at 
concentrations equivalent to 400 μg/ml SQE, were applied to 
RAW 264.7 macrophages for 24 h (Fig. 2). Cell viability assays 
were subsequently performed and the viability detected was 
greater than 95% for all of the treatment groups. Moreover, 
the cell viability observed for the SQE, tricin, and P-coumaric 
acid treated samples was similar to that of the non-treated 
controls. These results indicate that SQE, tricin, and P-coumaric 
acid at the concentrations tested are not cytotoxic to RAW 264.7 
macrophages. 

SQE, tricin, and P-coumaric acid down-regulated the expression 
of cytokines in a co-culture system of Caco-2 and RAW 264.7 
macrophages

An in vitro intestinal model was established using a co-culture 
system of intestinal epithelial Caco-2 cells and RAW 264.7 
macrophages (Fig. 1). The Caco-2 and RAW 264.7 macrophages 
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(A) (B) (C) (D)

Fig. 3. SQE reduces the expression of inflammatory mediators in the co-culture system of Caco-2 and RAW 264.7 cells. Caco-2 cells were incubated with RAW 264.7 
macrophages in the presence of various concentrations of SQE (100, 200, and 400 μg/ml) that were applied to the apical side of this co-culture system. After 3 h, 1 μg/ml LPS 
was added to the basolateral side and the system was incubated overnight. Levels of NO (A), PGE2 (B), IL-1β (C), and IL-6 (D) were subsequently measured from collected culture 
medium samples using commercially available ELISA kits. Data were analyzed using one-way ANOVA for multiple comparisons followed by Tukey’s post-hoc test (P < 0.05). The different 
letters are used to indicate significant differences. SQE, Sasa quelpaertensis extract; PC, P-coumaric acid, LPS, lipopolysaccharide. 

(A) (B) (C) (D)

Fig. 4. Tricin and P-coumaric acid suppress the expression of inflammatory mediators in a co-culture system of Caco-2 and RAW 264.7 cells. Tricin (1 μM) and P-coumaric 
acid (PC, 2.4 μM) were individually added into the apical compartment of a Caco-2/RAW 264.7 co-culture model. After 3 h, 1μg/ml LPS was added to the basolateral compartment 
and the cells were incubated overnight. Production of NO (A), PGE2 (B), IL-1β (C), and IL-6 (D) were subsequently analyzed from collected media samples using commercially available 
ELISA kits. Data were analyzed by one-way ANOVA for multiple comparisons followed by Tukey’s post-hoc test (P < 0.05). The different letters are used to indicate significant differences. 
SQE, Sasa quelpaertensis extract; PC, P-coumaric acid, LPS, lipopolysaccharide. 

did not contact each other. Therefore, crosstalk between the 
two cell types was mediated via the secretion of soluble factors 
by each cell line. Correspondingly, several cytokines involved 
in gut inflammation were detected following LPS-stimulation 
to the basolateral side of the model, as a simulation of gut 
inflammatory process.

It is well-known that macrophages overproduce NO in 
response to iNOS during the inflammation process [23]. To 
investigate whether SQE affects the induction of NO in response 
to LPS in the co-culture model employed for this study, produc-
tion of NO was detected following the treatment with various 
concentrations of SQE on the apical side of this model. 
Following the addition of LPS (1 μg/ml), a two-fold increase 
in NO levels was detected in the culture medium. In contrast, 
pretreatment of cells with SQE led to a significant decrease in 
LPS-induced NO production (Fig. 3A). To further elucidate 
whether SQE affect other cytokines that contribute to gut 
inflammation, levels of PGE2, IL-1β, and IL-6 were also analyzed. 
Similar to NO, LPS-induced production of PGE2, IL-1β, and IL-6 
was significantly decreased when cells were pretreated with 
SQE (Fig. 3B-D)

Tricin and P-coumaric acid are two major bioactive compo-
nents of SQE [20]. Therefore, the anti-inflammatory effects of 
tricin and p-coumparic acid were compared with SQE, and the 
concentrations used for each were analogous to the concen-
trations of these components in 400 μg/ml SQE. LPS-induced 
production of NO and IL-6 was inhibited when cells were 
pretreated with tricin or P-coumaric acid (Fig. 4A, 4D). Pretreat-
ment of cells with tricin or P-coumaric acid also appeared to 
block LPS-induced PGE2 production, although this inhibition 
was not statistically significant (Fig. 4B). In contrast, while 
P-coumaric acid significantly inhibited LPS-induced IL-1β 
production, tricin only showed an inhibition trend that was not 
significant (Fig. 4C). SQE exhibited similar efficacy for inhibiting 

each of the inflammatory mediators assayed to P-coumaric acid, 
but tricin was less effective (Fig. 4). 

SQE, tricin, and P-coumaric acid down-regulated expression of 
iNOS and COX-2 in LPS-activated and co-cultured Caco-2 and RAW 
264.7 macrophages

Expression of iNOS was detected using western blot in order 
to determine whether the synthesis of iNOS was affected by 
NO production. In addition, it is well-known that PGE2 is 
produced by activated macrophages via induction of COX-2 
[24]. Therefore, to identify the potential anti-inflammatory 
properties of SQE, tricin, and P-coumaric acid, expression of 
iNOS and COX-2 were analyzed. LPS up-regulated iNOS and 
COX-2 expression, whereas treatment of RAW 264.7 macrop-
hages with SQE resulted in the down-regulation of LPS-induced 
expression of both iNOS and COX-2 (Fig. 5A). Moreover, 
compared to the pretreatment of cells with SQE, tricin, and 
P-coumaric acid individually, SQE exhibited the highest efficacy 
for down-regulating expression of iNOS and COX-2, followed 
by P-coumaric acid (Fig. 5B).

SQE, P-coumaric acid, and tricin reduced IκBα phosphorylation 
and inhibited expression of TNF-α

NF-κB is a transcription factor that regulates the production 
of pro-inflammatory mediators in LPS-stimulated macrophages, 
and is required for up-regulation of iNOS, COX-2, and TNF-α. 
LPS-mediated activation of NF-κB is also associated with hyper- 
phosphorylation of IκBα, which induces the subsequent 
degradation of IκBα [25]. To clarify the mechanism by which 
SQE and its bioactive compounds, tricin and P-coumaric acid, 
may inhibit LPS-induced phosphorylation of IκBα and up- 
regulation of TNF-α, LPS-stimulated phosphoryation of IκBα was 
detected using western blot, and mRNA levels of TNF-α were 
detected using PCR. LPS treatment resulted in an increase in 
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Fig. 5. SQE, tricin, and P-coumaric acid down-regulate the expression of iNOS and COX-2 in a co-culture system of Caco-2 and RAW 264.7 cells SQE, tricin (1 μM), 
and P-coumaric acid (PC, 2.4 μM) were individually added into the apical compartment of the Caco-2/RAW 264.7 co-culture model. After 3 h, 1 μg/ml LPS was added to the basolateral 
compartment and cells were incubated overnight. Expression of iNOS and COX-2 were then analyzed by western blot. (A) Following the addition of various doses of SQE (100, 200, 
400 μg/ml), levels of iNOS and COX-2 were analyzed. The representative blots were shown (left panel) and quantified iNOS (middle panel) and COX-2 (right panel) were shown after 
normalization to α-tubulin. (B) A equivalent dose of tricin or PC based on 400 μg/ml SQE was added, and levels of iNOS and COX-2 were analyzed. The representative blot has 
shown (left panel). The quantified iNOS (middle panel) and COX-2 (right panel) were shown after normalization to α-tubulin. One-way ANOVA was applied using Tukey’s post-hoc 
test (α = 0.05). The different letters indicate significant differences. SQE, Sasa quelpaertensis extract; PC, P-coumaric acid, LPS, lipopolysaccharide. 

(A)

(B)

Fig. 6. SQE, P-coumaric acid, and tricin decrease IκBα phosphorylation. SQE, tricin (1 μM), and P-coumaric acid (PC, 2.4 μM) acid were individually added into the apical 
compartment of the Caco-2/RAW 264.7 co-culture model. After 3 h, 1 μg/ml LPS was added to the basolateral compartment and the cells were incubated overnight. Phosphorylation 
of IκBα was detected by western blot. (A) Following the addition of various doses of SQE (100, 200, 400 μg/ml), levels of phospho-IκBα and IκBα were analyzed. The representative 
blots were shown (left panel) and quantified phospho-IκBα (middle panel) and IκBα (right panel) were presented with normalization to α-tubulin. (B) A equivalent dose of tricin or P-coumaric 
acid based on 400 μg/ml SQE was added, and the levels of phospho-IκBα and IκBα were analyzed. The representative blots were shown (left panel) and quantified phospho-IκBα
(middle panel) and IκBα (right panel) were presented after normalization to α-tubulin. One-way ANOVA was applied using Tukey’s post-hoc test (α = 0.05). The different letters indicate 
significant differences. SQE, Sasa quelpaertensis extract; PC, P-coumaric acid, LPS, lipopolysaccharide.

(A)

(B)

IκBα phosphorylation and a degradation of IκBα compared with 
the controls. This increase in phsophorylation and the degra-
dation of IκBα was reduced by treating with SQE and this 
inhibition was found to be in a dose-dependent (Fig. 6A). 
However, pretreatment with tricin did not block IκBα 
phosphorylation, whereas pretreatment with P-coumaric acid 

did inhibit phosphorylation of IκBα, albeit to a lesser extent 
that achieved by SQE (Fig. 6B).

When LPS was applied to the basolateral side of the co-culture 
system, mRNA levels of TNF-α in RAW 264.7 macrophages were 
also analyzed. Pretreatment with SQE resulted in a down- 
regulation of LPS-induced TNF-α mRNA expression in a dose 
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(A) (B)

Fig. 7. SQE, P-coumaric acid, and tricin down-regulate mRNA levels of TNF-α. SQE, tricin (1 μM), and P-coumaric acid (PC, 2.4 μM) were individually added into the apical 
compartment of the Caco-2/RAW 264.7 co-culture model. After 3 h, 1 μg/ml LPS was added to the basolateral compartment and cells were incubated overnight. TNF-α mRNA expression 
was analyzed using PCR. (A) Following the addition of various doses of SQE (100, 200, 400 μg/ml), levels of TNF-α mRNA were detected. The representative blots were shown 
(upper panel) and quantified TNF-α expression with normalization to GAPDH was presented (lower panel). (B) An equivalent dose of tricin or P-coumaric acid based on 400 μg/ml 
SQE was added and mRNA levels of TNF-α were detected. The representative blots has shown (upper panel) and quantified TNF-α expression with normalization to GAPDH was 
presented (lower panel). One-way ANOVA was applied using Tukey’s post-hoc test (α = 0.05). The different letters indicate significant differences. SQE, Sasa quelpaertensis extract; 
PC, P-coumaric acid, LPS, lipopolysaccharide, GAPDH, glyceraldehydes-3-phosphate dehydrogenase. 

dependent manner (Fig. 7A). In contrast, tricin did not affect 
mRNA levels of TNF-α while P-coumaric acid did significantly 
down-regulate TNF-α levels, but latter levels were lower than 
those mediated by SQE treatment (Fig. 7B). Taken together, 
these results are consistent with the western blot data for IκBα 
phophorylation.

DISCUSSION

Natural anti-inflammatory agents represent an attractive and 
relatively safe alternative to the use of toxic drugs for the 
modulation of inflammatory disorders. Sasa leaves exhibit various 
beneficial activities, including anti-oxidant, anti-cancer, anti- 
inflammation, and anti-obesity properties [17-19]. However, 
there is limited evidence to indicate that SQE can attenuate 
intestinal inflammatory disease. To our knowledge, the present 
study is the first to identify molecular mechanisms that may 
be responsible for the anti-inflammatory effects mediated by 
SQE as well as its bioactive compounds, tricin and P-coumaric 
acid. In the present study, an in vitro co-culture model was 
established using epithelial-like Caco-2 cells and murine RAW 
264.7 macrophages, and suppression of NF-κB activation and 
the subsequent induction of inflammatory mediators were 
observed.

Pro-inflammatory mediators such as NO, TNF-α, PGE2, IL-6, 
and IL-1β are excessively produced by macrophages during 
many clinical disorders, including rheumatoid arthritis [26], 
asthma [27], and IBD [28]. In addition, immune cells of IBD 
patients have been shown to secret high levels of the 
pro-inflammatory cytokines, IL-6, IL-1β, and TNF-α [29]. In 
particular, overexpression of IL-1β and TNF-α have been 
hypothesized to play a pivotal role in the pathogenesis of IBD 
[30]. Correspondingly, blocking of these cytokines is proposed 
to provide an effective treatment strategy for IBD. Indeed, 

several agents that inhibit the production of IL-1β and TNF-α 
have been successfully applied in experimental colitis models 
and human trials [30,31]. In the present study, LPS-induced 
production of IL-1β and TNF-α was suppressed by SQE and its 
bioactive compounds, tricin and P-coumaric acid. In IBD, higher 
levels of IL-1β and TNF-α are accompanied by increase in other 
pro-inflammatory mediators, including IL-6, iNOS, PGE2, and 
COX-2. Production of iNOS by macrophages results in the 
overproduction of NO during the inflammatory process, while 
synthesis of PGE2 by LPS is due to up-regulation of COX-2, a 
molecule that mediates various inflammatory processes [32]. 
Correspondingly, the promoter region of COX-2 contains binding 
sites for various transcription factors, including NF-κB [33].

NF-κB has been shown to regulate immune and inflammatory 
signaling, and in some cases represents a rate-limiting step [34]. 
In general, when cells are activated by inflammatory stimuli, 
the protein inhibiting NF-κB is degraded. NF-κB is then able 
to translocate into nucleus to promote the transcription of 
pro-inflammatory mediators [35]. It has been reported that 
several natural antioxidants, including carotenoids and polyphenol 
compounds such as β-carotene, lycopene, and curcumin 
mediate anti-inflammatory activities by directly suppressing the 
expression of NF-κB dependent cytokines, including iNOS and 
COX-2 [35,36]. In the present study, it was demonstrated the 
SQE inhibits the up-regulation of iNOS and COX-2, and supp-
resses production of PGE2 in RAW 264.7 macrophages. In 
addition, SQE inhibited LPS-induced phosphorylation of IκBα. 
Consequently, activation of NF-κB was suppressed. Since NF-κB 
is a central player in the signaling cascades mediating inflam-
mation, and is able to simultaneously block the expression of 
multiple inflammatory mediators, targeting NF-κB appears to 
be a good strategy for maximizing therapeutic effects. TNF-α 
also plays an important role in the inflammatory response, and 
activation of NF-κB has been shown to induce expression of 
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TNF-α [37]. The inhibitory effect of SQE on TNF-α expression 
was estimated in the present study based on the extent of IκBα 
phosphorylation that was detected. In future studies, it will be 
important to investigate whether SQE directly inhibits the 
DNA-binding of NF-κB p65. 

There are numerous studies that have demonstrated the 
beneficial effects of natural polyphenols on experimental 
inflammatory dieseases, including ellagic acid and rosemarinic 
acid [38,39]. Sasa quelpaertensis leaves have traditionally been 
used as medicine for inflammation mediated diseases, including 
ulcers and diabetes [17,40]. Correspondingly, SQE has shown 
to reduce the inflammatory response induced by LPS, specifically 
by inhibiting the production of NO and the expression of COX-2 
and iNOS in RAW 264.7 macrophages [41]. However, to our 
knowledge, this is the first study investigate the anti- 
infammatory effects of SQE in an in vitro co-culture model of 
epithelial interactions in IBD using macrophages. SQE contains 
various phytochemicals, polysaccharides, amino acids, and 
polyphenols, including P-coumaric acid and tricin. Moreover, 
polyphenols have previously been shown to mediate anti- 
oxidant and anti-inflammatory effects [42,43]. It has been 
reported that P-coumaric acid, a common dietary phenolic 
compound in plants, reduces the oxidation of low-density lipo-
protein cholesterol and carbon tetrachloride-induced hepato-
toxicity [42,44]. In addition, a polyphenol, tricin has been 
reported to have an anti-inflammatory role in inflammation- 
associated colon carcinogenesis [45]. In the present study, 
P-coumaric acid and tricin exhibited anti-inflammatory effects 
by regulating the production of pro-inflammatory mediators. 
However, the regulation provided by SQE was greater than that 
provided by p-courmaric acid or tricin. Overall, SQE was 
associated with the greatest reduction in the levels of each 
LPS-induced pro-inflammatory mediators assayed. This observa-
tion is consistent with previous studies which demonstrated 
that a combination of nutrients can provide synergistic effects 
[46]. Therefore, the potent anti-inflammatory effects observed 
for SQE are attributed to the additive or synergistic effects of 
the phytochemicals and nutrients present in this extract. Based 
on the results of the present study, further studies are needed 
to investigate the effect of the bioactive compounds of SQE 
in an in vivo model of inflammatory-related intestinal disease. 

In conclusion, this study demonstrated that SQE and its 
bioactive compounds, P-coumaric acid and tricin, are able to 
significantly attenuate pro-inflammatory mediators, including 
PGE2, IL-6, IL-1β, NO, COX-2, and TNF-α, by increasing the 
phosphorylation of IκBα in the in vitro co-culture system 
employed. Furthermore, as a relatively nontoxic natural product, 
SQE has the potential to treat inflammatory diseases such as 
IBD. Therefore, further in vivo studies and clinical trials are 
needed to confirm the results of this study. 
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