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DA-9201 Shows Anti-Asthmatic Effects by Suppressing NF-xB
Expression in an Ovalbumin-Induced Mouse Model of Asthma
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Nuclear factor kappa B (NF-xB) regulates the expression of multiple cytokines, chemokines,
and cell adhesion molecules that are involved in the pathogenesis of asthma. We investigated
the anti-asthmatic effects and the mechanism of action of DA-9201, an extract of the black
rice, in a mouse model of asthma. Mice immunized with ovalbumin (OVA) were administered
with DA-9201 (30, 100 or 300 mg/kg) or dexamethasone (DEXA, 3 mg/kg) for 2 weeks and
challenged with aerosolized OVA during the last 3 days. Anti-asthmatic effects were assessed
by means of enhanced pauses, level of total IgE and Th2 cytokines in plasma or bronchoalve-
olar lavage fluid (BALF), the percentage of eosinophils in BALF, and histopathological exami-
nation. The expression of NF-xB in nuclear and cytoplasmic fraction and its DNA-binding
activity in lung tissues were analyzed by means of Western blotting and electrophoretic gel
mobility shift assay (EMSA), respectively. DA-9201 significantly reduced airway hyperrespon-
siveness (AHR), total IgE level in plasma and BALF, IL-4, IL-5, and IL-13 levels in BALF, and
the percentage of eosinophils in BALF. Tissue inflammation was significantly improved by DA-
9201 treatment. In addition, DA-9201 dramatically suppressed the expression of NF-xB and its
DNA-binding activity. These results suggest that DA-9201 may be useful for the treatment of

asthma and its efficacy is related to suppression of NF-kB pathway.
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INTRODUCTION

The worldwide prevalence and severity of allergic
asthma have increased dramatically over the last dacades
(Umetsu et al, 2002). Although the reasons for this
increased incidence are unknown, allergen specific Th2
cells exert their critical functions by producing a unique
repertoire of cytokines, the most important of which are IL-
4, IL-5, and IL-13. The pathophysiological characteristics of
allergic asthma such as chronic pulmonary eosinophilia,
airway hyperresponsiveness (AHR) to a variety of non-
specific spasmogenic stimuli, excessive airway mucus
production and elevated serum IgE levels have all been
linked to aberrant Th2 cell responses (Busse and
Lemanske, 2001; Larche et al, 2003; Ray and Cohn,
1999; Wills-Karp, 1999).

NF-kB is a pleiotropic transcription factor that plays an
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important role in regulating the expression of multiple
genes involved in inflammation and immune responses
{Ghosh et al., 1998; Pahl, 1999). Especially, NF-«xB regulates
the expression of multiple cytokines, chemokines and cell
adhesion molecules that are involved in asthma patho-
genesis (Baldwin, 1996; Sha, 1998). It has been demon-
strated that asthmatic inflammation is associated with
increased NF-«xB activity in lung cells (Bureau, et al., 2000;
Hart et al., 1998; Yang ef al., 1998). Furthermore, NF-xB
has a critical role in the expression of GATA3 that regulates
the Th2 cytokines, eosinophilic airway inflammation,
mucus secretion and IgE production in a murine model of
asthma (Das et al., 2001).

The Oryza sativa L. var. (Family : Glamineae), which is
commonly known as black rice in S. Korea, has been
used in folk medicine successfully for the management of
various allergic disorders (Kim ef al., 1999a, 1999b). DA-
9201 is an ethanolic extract of the black rice.

This study was performed to investigate the anti-
asthmatic effect of DA-9201 and the mechanism of action
in @ mouse model of asthma.
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MATERIALS AND METHODS

Mice

Female BALB/c mice (5 weeks old) were purchased
from Charles River Japan (Japan) and kept under the
standard animal facility at the institutes of Dong-A Phar-
maceutical company (temperature 23+2°C, humidity range
40~70%, 12 h light/dark cycle ([lighting:7:00-19:00]). Food
and UV-sterilized tap water were provided ad /ibitum. This
study was performed in compliance with the institutional
“Standard operating procedure for animal care and
experiments” of the Dong-A Pharmaceutical Co Ltd. and
with the “Principles of laboratory animal care” established
by the National Institute of Health.

Reagents

Chicken egg albumin (OVA, grade V), aluminum
hydroxide gel (alum) and DEXA-water soluble were
purchased from Sigma-Aldrich (St. Louis, MO). Acetyl-3-
methylcholine chloride (methacholine) and protease inhibitor
cocktail were also purchased from Sigma-Aldrich (St. Louis,
MO). All other chemicals or reagents were commercially
obtained and of the highest quality.

Preparation of DA-9201

The black rice (Oryza sativa L. var japonica) was
purchased from the National Agricultural Cooperative
Federation (Geochang, S. Korea). The black rice (8.00 kg)
was processed by using a household rice-polishing
machine (Bio SangSang, Korea) to obtain the rice bran
{1.348 kg). Then, the rice bran was extracted with 70%
ethanol (6.74 L) at room temperature for 24 h with agitating.
The extract was filtered through filter paper (Advantec,
Japan), and the filtrate (5.13 L) was concentrated at 60°C
under vacuum using an evaporative system and lyophilized
at -40°C to dryness; 77.80 g (yield: 5.77%) of extract
powder was obtained. The dried extract, DA-9201, was
suspended in a 1% hydroxyprophylmethylcellulose (HPMC)
solution for oral administration.

The HPLC analysis of DA-9201

The dried ethanol extract, 10 mg of DA-9201, was dis-
solved in 1 mL of mobile phase followed by filtration using
a 0.45 um syringe filter (PVDF, Waters, Milford, U.S.A.).
Standards of several anthocyanins including cyanidine-3-
O-B-glucopyranoside, peonidine-3-O-B-glucopyranoside,
delpinidine-3-O-3-glucopyranoside, and pelalgonidine-3-
O-B-glucopyranoside were obtained from Polyphenols
Laborotories (Hanabryggene Technology Centre, Norway).
Standards of phenolic acids such as protocatechuic acid
and ferulic acid were obtained from Sigma-Aldrich
Chemical Co. (St. Louis, MO). The chromatographic
systems consisted of Dionex equipped with a P580

1351

pump, ASI-100 automated sample injector and UV
detector, and were monitored and controlled by using the
Chromeleon computer program (Dionex). Wavelengths
used for the identification of protocatechuic acid and
anthocyanins were 254 nm and 520 nm, respectively. To
guantify the ferulic acid, the HPLC-MS analyses were
carried out by using a Waters Alliance 2975 LC system
(Waters Co., U.S.A) coupled to a mass spectrometer.
The amounts of the standard materials in DA-9201 are
shown in Table I.

Sensitization

As shown in Fig. 1, mice (n=8/group) were immunized
with 50 ug OVA mixed with 1mg alum as an adjuvant in a
total volume of 0.1 mL per mouse. Sensitized mice were
immunized again 2 weeks after the primary immunization.
Normal control mice were injected peritoneally with
phosphate buffer saline (PBS, pH 7.0).

Airway OVA challenging

Two weeks after the last sensitization, immunized mice
were orally administered with DA-9201 (30, 100, 300 mg/
kg, each n=8) or DEXA (3 mg/kg, n=8) for 15 consecutive
days. Sham-treated mice were administered HPMC orally
and served as control. During the last 3 days, mice were

Table I. The amounts of standard materials in DA-9201

Standard materials Quantity (%)
cyanidine-3-O-B-glucopyranoside 1.49
peonidine-3-O-B-glucopyranoside 0.30
delpinidine-3-O-B-glucopyranoside 0.00
pelalgonidine-3-O-B-glucopyranoside 0.30
protocatechuic acid 047
ferulic acid 0.05
DA-9201
1—— DEXA —1
—-

1 el

Day 0 14 28 40 42 43 44
OVA/ alum 1%OVA  AHR
challenge BALF coflection

Lung isolation

Fig. 1. Schematic diagram of the experimental protocol. Mice were
sensitized on day 0 and 14 by intraperitoneal injection of OVA 50 pg
emulsified in alum 1 mg. On day 40, 41, and 42 after the primary sensi-
tization, the mice were challenged for 30 min with an aerosol of 1%
OVA in saline (or with saline in the case of normal control) using an
ultrasonic nebulizer. DA-9201 or DEXA was administered orally at 24 h
intervals on day 28~42. All mice were sacrificed 48 hr after the last
exposure.
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challenged with aerosolized 1% OVA for 30 min/day. OVA
challenging was performed by placing mice in a Plexiglas
box (29x22x18 cm) and aerosolizing OVA using an
ultrasonic nebulizer (NE-U12; Omron, Japan) driven by
compressed air for 30 min. Normal control mice were
challenged with aerosolized PBS.

AHR measurement

Twenty four hours after the last OVA challenge, AHR
was assessed by measuring methacholine-induced airway
resistance using whole body plethysmography (OCP-3000,
Allmedicus Co., Ltd., Korea). Unrestrained, conscious mice
(n=8/group) were placed in separate plethysmographic
chambers and stimulated with aerosolized saline followed
by incremental doses of aerosolized methacholine (5, 10,
15 mg/mL in saline) for 3 min. Airway resistance, represen-
ting airway responsiveness to methacholine stimulation,
was monitored and expressed as enhanced pause
(Penh).

Bronchoalveolar lavage fluid (BALF) collection

After mice were bled and sacrificed following anesthesia
with ether, BALF was collected for differential cell counting
and measurement of cytokines. It was carried out by
cannulating the upper part of the trachea and lavaging by
three times with 0.5 mL of PBS containing 0.05 mM
EDTA. The BALF was centrifuged at 400 g at 4°C for 3
min, and the cells were separated from the fluid. The
supernatant was stored at -70°C until use. The cells were
re-suspended in PBS containing 0.05mM EDTA, and the
total number was determined with the use of a hemocyto-
meter. The differential BAL cells were counted by micros-
copy after cytospin preparations and Giemsa staining
(Giemsa stain modified, Sigma).

Cytokines and immunoglobulin measurement

Plasma and BALF samples from each animal were
analyzed for total IgE. Complementary capture and
detection antibody pairs for mouse IgE antibody were
purchased from PharMingen (San Diego, CA), and the
IgE enzyme-linked immunosorbent assay (ELISA) was
performed according to the manufacturer's instructions.
IL-4, IL-5, and IL-13 levels in the BALF were also
determined by ELISA according to the manufacturer’s
instructions (R&D Systems).

Preparation of nuclear and cytoplasmic fraction
for Western blot or EMSA

Whole lungs were removed in additional experimental
animals (n=8/group) and single cell suspensions were
prepared as previously described (Kennedy et al., 1995).
Briefly, lung tissue from each mouse was perfused with
PBS, minced with scissors, and finally passed through 70
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um nylon mesh (BD Falcon) to obtain the single cell
suspension. The cells were washed with ice-cold PBS
and then transferred to microtubes. They were allowed to
swell after the addition of 100 uL hypotonic buffer con-
taining 10 mM HEPES (pH 7.9), 10 mM KCI, 0.1 mM
EDTA, 0.5% Nonidet P-40, 1 mM dithiothreitol and 0.5 mM
phenylmethyisulfonyifluoride. The lysates were incubated
for 10 min in ice and centrifuged at 7200 g at 4°C for 5 min.
Supernatants containing cytoplasm fraction were stored at
-70°C until use. Pellets containing crude nuclear fraction
were resuspended in 50 pL of extraction buffer containing
20 mM HEPES (pH 7.9), 400 mM NaCl, 1 mM EDTA, 10
mM dithiothreitol, and 1 mM phenylmethylsulfonylfluoride
and then incubated for 30 min in ice. The samples were
centrifuged at 15800 g for 10 min to obtain supernatants
containing nuclear fraction. They were stored at -70°C
until use.

Electrophoretic mobility shift assay (EMSA)

A double-stranded DNA probe for the consensus
oligonucleotide of NF-xB (5-AGT TGA GGG GAG T1T
CCC AGG G-3', Santa Cruz Biotechnology, Inc.) was used
for gel shift analysis after end-labeling of the probe with
[g-°P] ATP and T, polynucleotide kinase. The reaction
mixtures contained 4 pL of 5X binding buffer containing
20% glycerol, 5 mM MgCl,, 250 mM NaCl, 2.5 mM EDTA,
2.5 mM dithiothreitol, 0.25 mg/mL poly di-dC, 50 mM Tris—
HCI (pH 7.5), and 10 pg of nuclear extracts and sterile
water in a total volume of 20 ul. Reactions were initiated
by addition of 1 uL probe (10° cpm) following 10 min pre-
incubation and continued for 20 min at room temperature.
The samples were then assayed for NF-kB DNA binding
activity by EMSA. For supershift assay, 10 pg of nuclear
fraction was incubated with 2 pg each of the highly specific
anti-p65, anti-p52 antibody (Santa Cruz Biotechnology,
Inc.) at room temperature for 1 h followed by EMSA. In
some experiments, the specificity of NF-xB binding to the
DNA consensus oligonucleotide was confirmed by the
inhibition of NF-xB DNA binding with the cold NF-«xB or
the cold SP-1. Samples were loaded onto 4% poly-
acrylamide gels at 100 V. The gels were removed, fixed
and dried followed by autoradiography.

Western blot analysis

Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and Western blot analyses were
performed. Expression of NF-kB was immunochemically
monitored in the nuclear and cytoplasmic fractions of the
cells from lungs using anti-rabbit NF-xB antibody (Santa
Cruz Biotechnology, Inc.). The secondary antibodies were
alkaline phosphatase-conjugated anti-rabbit antibodies.
The bands of NF-xB were developed using 5-bromo-4-
chloro-3-indolylphosphate/4-nitroblue tetrazolium chloride.



Anti-Asthmatic Effects of DA-9201 by Suppressing NF-xB Expression

Lung histology

Another set of experiment with the same scheme except
BALF collection was repeated to obtain intact lung tissues
for lung histology. The trachea and lungs (n=8/group)
were collected 24 h after the last OVA challenging, fixed in
10% buffered formalin, embedded in paraffin and sec-
tioned. The sections were stained with hematoxylin and
eosin (H&E) to assess the inflammatory cell infiltration
and Periodic Acid — Schiff (PAS) to quantify airway goblet
cells. Inflammation was examined and scored by two
independent blinded investigators. The degree of peri-
bronchial and perivascular inflammation was graded on a
subjective scale of 0-3, as described elsewhere (Tournoy
et al., 2000). A value of 0 was assigned when no inflam-
mation was detectable, a value of 1 was assigned for
occasional cuffing with inflammatory cells, a value of 2
was assigned for most bronchi or vessels surrounded by a
thin layer (one to five cells thick) of inflammatory cells, and
a value of 3 was given when most bronchi or vessels
were surrounded by a thick layer (more than five cells
thick) of inflammatory cells. Total lung inflammation was
defined as the average of the peribronchial and perivas-
cular inflammation (expressed as inflammation score in
arbitrary units; U). Quantification of goblet cells in airway
tissue was achieved by counting the numbers of these
cells in five fields per slide in PAS stained section.

Statistical analysis

All statistical analyses were performed using Sigma-
Stat® for Windows 2.0 software (Jandel corporation,
US.A). An ANOVA test was used to examine the
comparisons between the experimental groups and within
each test group. All the data is expressed as a mean +
S.E.M. The comparison between the group means was
conducted using a Dunnett multiple range test with a
significance level of p = 0.05.

RESULTS

Effect of DA-9201 on AHR

Animals challenged with OVA showed a significant
increased Penh in response to increasing doses of me-
thacholine when compared with saline-challenged animals.
Animals treated with DA-9201 300 mg/kg demonstrated
statistically significant reductions in Penh at methacholine
concentrations of 10 and 15 mg/mL (Fig. 2). At dose
levels of 30 or 100 mg/kg, DA-9201 also exhibited a
marked decrease in airway responsiveness, but these
were not statistically significant. DEXA also significantly
reduced AHR to aerosolized methacholine (Fig. 2).

Effect of DA-9201 on eosinophilia in BALF
Differential cell counting revealed a significantly increased
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methacholine concentration
Fig. 2. The effect of DA-921 on airway reactivity assessed by change in
Penh in response to increasing concentrations of aerosolized
methacholine. HPMC represents saline-inhaled mice administered
HPMC; OVA, OVA-inhaled mice administered HPMC; 30, OVA-inhaled
mice administered DA-9201 30 mg/kg; 100, OVA-inhaled mice
administered DA-9201 100 mg/kg; 300, OVA-inhaled mice administered
DA-9201 300 mg/kg; DEXA, OVA-inhaled mice administered DEXA 3
mgrkg. Each bar represents the mean+SEM (n=8/group). * Significantly
differences compared with OVA control (p < 0.05).

percentage of eosinophil in the OVA-exposed animals
(Fig. 3). In contrast to OVA control, a significant and dose-
dependent decrease in the number of eosinophils was
observed in mice treated with DA-9201 (Fig. 3). In a group
treated with DA-9201 300 mg/kg, the percentage of
eosinophils was significantly lower than that in the OVA
control group.

60

50

40 4

30 -

20 -

10 -

Eosinophil Infiltration (%)

0

HPMC OVA 30 100 300

DEXA

Fig. 3. The effect of DA-9201 on eosinophil infiltration in the airways.
One day after the last OVA inhalation, another set of mice were

euthanized and their lungs were lavaged. Cells in the BALF were

collected, and cytospin preparations were made. Different cell typss in
the BALF were analyzed. Each bar represents the meantSEM (n=8/
group). * Significantly different from the OVA control group (p < 0.05).

Effect of DA-9201 on the level of IgE and Th2
cytokines in plasma or BALF
While levels of IgE in plasma and BALF in the OVA
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Table Il. The effect of DA-9201 on the level of IgE and Th2 cytokines in plasma or BALF

plasma BALF
Groups
IgE IgE IL-4 IL-5 IL-13

HPMC b1+ 57 19+£13 84+ 14 195+28 256+34
OVA 147.0 £ 11.3 20077 186.2 £ 66.1* 39.6 £7.38* 47.7+7.0*
30 131.4£107 9.5+ 20" 580379 350148 5111441
100 101+ 7.2¢ 7.0+3.0" 599+ 353 300+26 383167
300 ' 1068+ 7.2 7.0+ 24" 344+ 54" 247 £ 25" 321 51"
DEXA 1143+ 91* 72424 169+ 2.2* 188+ 14" 30.1£1.8%

The level of IgE in-plasma and BALF was quantified by sandwich ELISA and expressed as nanogram per mililitter. The level of IL-4, IL-5, and IL-
13 in BALF was quantified by sandwich ELISA and expressed as picogram per mililitter. *p<0.05 vs. negative control, **p<0.05 vs. OVA control.

control mice were significantly higher than the level in
normal control, DA-9201 significantly and dose-dependently
reduced the level of IgE in both plasma and BALF (Table
II). Levels of Th2 cytokines were also elevated in sensitized
mice challenged with OVA as compared to that in normal
control mice. All these cytokines were significantly reduced
by the treatment with DA-9201 (300 mg/kg), although the
reduction did not show a statistical significance at dose

(A)

levels of 100 and 30 mg/kg (Table I1).

Effect of DA-9201 on the binding activity and
expression of NF«xB in lung tissues

EMSA revealed that NF-kB-DNA binding in nuclear
extracts from lung tissues was increased in the OVA-
sensitized and challenged mice. This elevation in the NF-
kB-DNA binding activity was dramatically decreased by

PBS/H50 P

(B)
HPMC OVA DA-9201

300mg

DEXA

(€)
HPMC DA-9201 DEXA

300mg

OVA

Fig. 4. The effect of DA-9201 on the binding activity and the expression of NF-xB. The DNA-binding activity of NF-kB in the nuclear fraction of lung
was determined by EMSA assay (A). To characterize specific NF-xB complex, supershift analysis was conducted with anti-p65, anti-p52 antibody.
NF-«xB and supershifts (solid arrowheads) are indicated. The specificity of NF-xB binding to the DNA consensus oligonucleotide was also checked
by the inhibition of NF-xB DNA binding with the cold NF-xB or the cold SP-1. The expression level of NF-xB in the nuclear (B) and cytoplasmic

fraction (C) were quantified by Western blotting.
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Fig. 5. Effect of DA-9201 on peribronchial and perivascular lung
inflammation and the number of goblet cells. Values represent mean +
SEM (n=8/group). Total lung inflammation was defined as the average
of the peribronchial and perivascular inflammation scores (A). The
number of goblet cells in the airway wall was visualized by periodic
acid-Schiff (PAS) staining (B). * Significantly different from the QVA
control (p < 0.05).

treatment with DA-9201 (Fig. 4A). Supershift assay
confirmed NF-kB-DNA binding activity by the presence of
p65 and p50 subunits of NF-xB in nuclear protein
extracts. Furthermore, the specificity of NF-xB binding to
the DNA consensus oligonucleotide was also confirmed
by the inhibition of NF-xB DNA binding with the cold NF-
kB or the cold SP-1. Western blotting revealed that the
level of NF-kB p65 protein in nuclear and cytoplasmic
protein extracts from lung tissues was increased in the
OVA-sensitized and -challenged mice. These elevations
in NF-xB p65 level in nuclear and cytoplasmic protein
extracts were markedly decreased by treatment with DA-
9201, respectively (Fig. 4B and C).

Histological examination

The scores of peribronchial, perivascular and total lung
inflammation were increased significantly after OVA inha-
lation compared with scores after saline inhalation. The in-
creased peribronchial, perivascular and total lung inflam-
mation after OVA inhalation was significantly reduced by
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administration of DA-9201 (Fig. 5A). The number of PAS-
stained goblet cells was also increased in the mice OVA-
sensitized and -challenged mice, and DA-9201 treatment
significantly decreased the number of goblet cells (Fig.
5B).

DISCUSSION

Airway inflammation in asthma and allergic disease is a
complex phenomenon driven predominantly by Th2 cells.
The inflammation is characterized by the recruitment of
leukocytes, predominantly eosinophils from the vasculature
into the tissue where they cause severe damage to the
bronchiolar epithelium (de Monchy et al., 1985; Walker et
al., 1991). Epithelial, and endothelial cells also play major
roles in this cascade by secreting cytokines and chemokines
and by expressing cell surface adhesion molecuiles.

The molecular mechanism that regulates eosinophilic
inflammation in asthma is an area of intense investigation
in many laboratories. Yang et al. (1998) investigated the
role of NF-kB in the elicitation of eosinophilic inflammation
in @ mouse model of allergic airway inflammation and
showed that NFkB played a critical regulatory role in the
development of eosinophilic inflammation in response to
inhaled allergens. Therefore, particular attention is now
being focused on the mechanisms that mediate anti-
inflammatory events at the gene level of NF-xB, which is
a key target on account of its role in regulating the trans-
cription of proinflammatory genes known to be involved in
the allergic tissue response (Barnes, 1997; Manning and
Anderson, 1994).

NF-«B is also considered a master regulator of inflam-
mation and immune processes (Baldwin, 1996; Baeuerle
and Baltimore, 1996). Especially, NF-xB plays a critical
role in Th2 cell differentiation and is required for the induc-
tion of allergic airway inflammation (Das et al., 2001). In
fact, the induction of many of the genes for the cytokines,
chemokines and adhesion molecules is regulated by NF-«<B
in asthmatics (Hart et al., 1998; Stutz and Woisetschiager,
1999; Washizu et al., 1998). Furthermore, activation of
NF-xB may be the critical step for perpetuation of chronic
airway inflammation in asthma (Hart et al, 1998).
Accumulating reports have supported that NF-«B is a
therapeutic target in asthma and have demonstrated that
specific NF-xB inhibition in the lung was associated with
strong attenuation of allergic lung inflammation, AHR and
mucus production. Therefore, it is believed that specific
NF-«B inhibitor has a therapeutic potential in asthma.

In this study, to test the hypothesis that the anti-inflam-
matory effects of DA-9201 are mediated through NF-xB
regulated pathways, we examined the NF-xB expression
and indices of airway inflammation after antigen provoca-
tion. The results clearly demonstrated that DA-9201 signi-
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ficantly reduced airway hyperresponsiveness, Th2 cytokines
production and airway eosinophilia and inflammation as
well as IgE production. In addition, DA-9201 treatment
markedly reduced the binding activity of NF-xB and down-
regulated the expression of NF-kB protein in both nuclear
and cytoplasmic fraction in lung tissues. These results
suggest that anti-asthmatic effects of DA-9201 are closely
linked to its suppressive effect on NF-xB pathway.

Black rice (Oryza sativa L. var.) is a dark purple colored
seed and a major rice crop in the south Asia and China. 1t
is broadly known as enriched rice with various medical
effects on a number of allergic disorders, enhancing ability
for the spleen, liver, stomach, and intestine function, a
hematopioetic effects in pharmacy, anti-mutagenic and
anti-cancer activity, and anti-atherosclerotic effects (Ling
et al., 2002; Miyazawa et al., 2003). It is well known that
rice bran contains a considerable amount of anthocyanins
and various types of phenolic acids. Recently two major
anthocyanins, cyanidine-3-O-B-D-glycoside and peonidine-
3-O-B-D-glycoside, and various phenolic compounds were
identified in the black rice extract cultivated in S. Korea
(Chung and Woo, 2001; Han et al., 2004). Anthocyanins
have been considered to be one of the biologically active
substances. Their anti-inflammatory activity, anti-oxidant
activity and other medical benefits have been extensively
investigated (Hu et al., 2003; Kowalczyk et al., 2003;
Tsuda ef al., 2002).

With regards to therapeutic sirategies for asthma treat-
ment, corticosteroids are the most potent anti-inflammatory
agents and they are known to produce substantial impro-
vement in lung functions of asthmatic subjects. However,
due to many undesirable side effects of systemic corti-
costeroids, inhaled corticosteroids are used as the first
line of treatment for asthma and are an effective means of
reducing inflammation and bronchial constriction in asthma
patients. Although the most frequently reported side effects
of inhaled corticosteroids are local effects, systemic side
effects such as adrenal suppression, decreased bone
metabolism and decreased growth rate also have been
reported (Bleecker, 1998). Therefore there is a need for a
safe and potent alternative anti-inflammatory agent that
does not cause adverse effects on the normal physiolo-
gical functions.

In this study, using a mouse model of asthma, we found
that DA-9201, a black rice extract, has a potential of anti-
asthma. At the doses tested, especially at 100 mg or 300
mg, DA-9201 suppressed the pulmonary inflammation,
accumulation of eosinophils in airway and AHR. Addition-
ally, Th2 cytokines such as IL-4, IL-5, and IL-13, and IgE
production were decreased by administration of DA-9201.
Furthermore, DA-9201 is expected to be highly safe, since
black rice has been used as food in many Asian countries.
These results suggest that DA-9201 has advantages over
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other anti-inflammatory agents in that it is particularly safe
and has the potential benefits in the prevention and
treatment of asthma.

In conclusion, DA-9201 significantly inhibited AHR, Th2
cytokines and IgE production, airway inflammation, and
eosinophil accumulation. In addition, DA-9201 treatment
down-regulated the expression of NF-xB and markedly
reduced the binding activity of NF-xB. These results
suggest that DA-9201 may be useful for the treatment of
asthma and its efficacy is related to suppression of NF-xB
pathway.
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