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Abstract

EBM84 is a traditional herbal medicine and a combination of extracts obtained from
Pinellia ternata and Zingiber officinale. It is traditionally used to treat vomiting, nausea,
sputum and gastrointestinal disorders, and functions is an effective expectorant. In this
study, we evaluated the protective effects of EBM84 on asthmatic responses,
particularly mucus hypersecretion in an ovalbumin (OVA)-induced murine model of
asthma. We also analyzed EBM84 composition using high performance liquid
chromatography. Animals were sensitized on days 0 and 14 via intraperitoneal injection
using 20 µg OVA. On days 21, 22 and 23 after initial sensitization, the mice received an
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airway challenge with OVA (1% w/v in PBS) for 1 h using an ultrasonic nebulizer (NE-
U12). EBM84 was administered by gavage to the mice at doses of 16.9, 33.8 and
67.5 mg/kg once daily from days 18 to 23. EBM84 administration significantly lowered
elevated levels of interleukin (IL)-4, IL-13, eotaxin and immunoglobulin (Ig)E in the
bronchoalveolar lavage fluid or plasma. Airway inflammation and mucus
hypersecretion were attenuated following EBM84 administration. EBM84 also inhibited
the overexpression of mucin 5AC (MUC5AC) induced by OVA challenge in lung tissue.
This result was consistent with the immunohistochemistry results. Our results indicate
that EBM84 effectively inhibited airway inflammation and mucus hypersecretion via the
downregulation of T helper 2 (Th2) cytokines, which reduced MUC5AC expression.
Therefore, EBM84 has potential as a useful medicine for the treatment of allergic
asthma.

Introduction

Allergic asthma is an increasingly important disease
that develops following exposure
to allergens and environmental
factors, such as house dust, animal dander, pollen,
smoking and
volatile organic compounds (1,2).
Allergic asthma involves eosinophil-rich
inflammatory responses and
mucus hypersecretion. Allergen exposure activates T
helper 2 (Th2)
cells to release Th2 cytokines, such as interleukin (IL)-4, IL-5,
and IL-13
(3). These mediators
increase inflammatory cell infiltration of the airway,
immunoglobulin (Ig)E switching, and chemokine release, which lead
to mucus
hypersecretion in the bronchiolar epithelial region
(4). Thus, Th2 cytokine reduction
is
the objective of antiasthmatic agents, including herbal
medicines (3,5,6).

In the respiratory tract, the airway epithelium
provides protection against various
environmental irritants. The
normal airway epithelium is coated with a mucus layer.
Mucins are
major components of the mucus layer and they are synthesized by
epithelial
goblet cells and the mucous cells of the submucosal
glands (7). Mucin 5AC (MUC5AC) is
reported to constitute 95–98% of the mucin secreted in the airway
(8). MUC5AC is one of
the main
mucin genes expressed mostly in the respiratory epithelium and is
related to
mucus secretion (9).
The mucin encoded by MUC5AC plays a role in host defense;
however,
it is likely that it causes airway obstruction if secreted in
excess, since mucus
containing a high concentration of MUC5AC has a
high viscosity (8). MUC5AC
production
is regulated by Th2 cytokines, particularly IL-13. Konoh
et al (10) demonstrated
that IL-
13 induced goblet cell hyperplasia and mucin hypersecretion
via the overexpression of
MUC5AC.

EBM84 is a traditional herbal medicine that contains
Pinellia ternata (P. ternata) and
Zingiber
officinale (Z. officinale). Traditionally, it is used to
treat vomiting, nausea,
sputum and gastrointestinal disorders, such
as dyspepsia and gastric ulceration.
EBM84 is used as an
expectorant. The pharmacological effects of P. ternata and
Z.
officinale have been demonstrated in a number of studies.
P. ternata has antitussive,
antiemetic and anti-inflammatory
properties, while Z. officinale has been shown to
exert
antioxidant, anti-inflammatory and antitumor effects (11–13). Previous studies
have also shown
that that P. ternata and Z. officinale attenuate the
asthmatic response
induced by various allergens (14,15). However, it is known that P.
ternata has a toxic
effect since it is an irritant. In oriental
medicine, the toxicity of P. ternata is reduced by
combining
it in a mixture with Z. officinale prior to its clinical
application (16). The
pharmacological effects of the component herbs found in EBM84 have
been
investigated extensively; however, studies on the
pharmacological effects of EBM84
using in vivo or in
vitro experiments are limited. Thus, in this study, we
investigated the
effects of EBM84 on airway inflammation and mucus
secretion using an ovalbumin
(OVA)-induced murine model of asthma.
To the best of our knowledge, this is the first
study to describe
the protective effects of EBM84 against OVA-induced asthma.

Materials and methods

Chromatographic system

A Shimadzu LC-20A high-performance liquid
chromatography (HPLC) system
(Shimadzu Co., Kyoto, Japan) was used,
which comprised a solvent delivery unit, an on-
line degasser, a
column oven, an autosampler and a photodiode array (PDA) detector.
The data processor used LC solution software (version 1.24;
Shimadzu Co.). Separations
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were performed using a Gemini C18 column
(250×4.6 mm; particle size, 5 μm;
Phenomenex, Torrance, CA, USA),
which was maintained at 40°C. The mobile phases
used for
chromatographic separation were solvent A (1.0% v/v aqueous acetic
acid) and
solvent B (acetonitrile with 1.0% v/v acetic acid).
Gradient elution was conducted as
follows: (A)/(B) = 95/5 (0 min) →
(A)/(B) = 25/75 (40 min) → (A)/(B) = 0/100 (45 min; hold
for 5 min)
→ (A)/(B) = 95/5 (55 min; hold for 15 min). The analysis was
performed at a
flow-rate of 1.0 ml/min using a detection wavelength
of 280 nm. The injection volume
was 10 μl.

Reagents and materials

Homogentisic acid and 3,4-dihydroxybenzaldehyde were
purchased from Sigma-Aldrich
(St. Louis, MO, USA) and 6-gingerol
was obtained from Wako (Osaka, Japan). The purity
of the reference
standard was ≥98.0% according to HPLC. HPLC-grade methanol,
acetonitrile and water were obtained from J.T. Baker Chemical Co.
(Phillipsburg, NJ,
USA). Analytical reagent grade glacial acetic
acid was purchased from Junsei Chemical
Co., Ltd. (Tokyo, Japan).
The raw materials, P. ternata Breitenbach and Z.
officinale
Roscoe, were purchased in July, 2011 from
Kwangmyungdang Medicinal Herbs (Ulsan,
Korea). The origin of the
material was confirmed taxonomically by Professor Je-Hyun
Lee,
Dongguk University, Gyeongju, Korea. The voucher specimens
(2011-EBM82 and
2011-EBM83) were deposited at the Basic Herbal
Medicine Research Group, Korea
Institute of Oriental Medicine,
Daejeon, Korea.

Extraction

A mixture of dried P. ternata Breitenbach (50
g) and Z. officinale Roscoe (50 g) was
extracted once in 1 l
of distilled water with refluxing for 2 h. The extracted solution
was
filtered through filter paper, evaporated to dryness and
freeze-dried (14.81 g). The yield
of the water extract was
14.81%.

Preparation of standard and sample
solutions

Stock solutions of the three reference standards,
i.e., homogentisic acid, 3,4-
dihydroxybenzaldehyde and 6-gingerol
were dissolved in methanol at a concentration of
1.0 mg/ml and
stored below 4°C. A total of 10 mg of lyophilized sample was
dissolved in
10 ml of distilled water for HPLC pattern analysis.
The solution was filtered through a
0.2-μm membrane filter (Woongki
Science, Seoul, Korea).

Animals

Specific pathogen-free female BALB/c mice (7 weeks
old) were purchased from Orient
Co. (Seoul, Korea) and used after
one week of quarantine and acclimatization. The mice
were provided
with sterilized tap water and standard rodent chow. All
experimental
procedures were carried out in accordance with the
National Institutes of Health
Guidelines for the Care and Use of
Laboratory Animals and were approved by the
Chungnam National
University Animal Care and Use Committee. The animals were
cared
for in accordance with the dictates of the National Animal Welfare
Law of Korea.

OVA-induced allergic asthma

OVA sensitization and airway challenge were
performed as described previously (3). In
brief, mice were sensitized on
days 0 and 14 via intraperitoneal injection using 20 μg
OVA, which
was emulsified with 2 mg aluminum hydroxide in 200 μl
phosphate-buffered
saline (PBS; pH 7.4). On days 21, 22 and 23
after initial sensitization, mice received an
airway challenge with
OVA (1% w/v in PBS) for 1 h using an ultrasonic nebulizer (NE-
U12;
Omron Corp., Tokyo, Japan). EBM84 was dissolved in PBS and prepared
fresh each
day before treatment. EBM84 was administered by gavage
to mice at doses of 16.9
mg/kg (EBM84-L), 33.8 mg/kg (EBM84-M), and
67.5 mg/kg (EBM84-H) once daily from
days 18 to 23. The negative
and positive control mice were administered orally with PBS
or
montelukast (30 mg/kg in PBS), respectively. Montelukast was
developed as a
cysteinyl leukotriene (cys-LT)-1 receptor antagonist
(17) and it was introduced into
the
market after successful clinical evaluation in patients with
aspirin-sensitive asthma,
nocturnal exacerbation of asthma and
allergic asthma (18).

Following OVA challenge, bronchoalveolar lavage
fluid (BALF) samples were obtained
from the mice and processed, and
inflammatory cells were counted as described
previously (3). In brief, the mice were sacrificed
via intraperitoneal injection with
pentobarbital (50 mg/kg; Han Lim
Pharmaceutical Co., Seoul, Korea) 48 h after the last
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challenge and
tracheostomy was performed. To obtain BALF, ice-cold PBS (0.5 ml)
was
infused into the lungs and withdrawn via tracheal cannulation
three times (total
volume, 1.5 ml). The total inflammatory cell
numbers were assessed by counting cells
in at least five squares of
a hemocytometer after excluding dead cells by trypan blue
staining.
To determine the differential cell counts, 100 μl of BALF were
centrifuged onto
slides using a Cytospin centrifuge (Hanil Science
Industrial, Seoul, Korea) (200 × g at
4°C for 10 min). The slides
were dried and the cells were fixed and stained using
Diff-

Quik® staining reagent (B4132-1A; IMEB Inc.,
Deerfield, IL, USA), according to the
manufacturer’s instructions.
The supernatant obtained from BALF was stored at −70°C
for
biochemical analysis.

Measurement of the cytokine, chemokine
and IgE levels

The levels of IL-4, IL-13 and eotaxin in BALF were
measured using enzyme-linked
immunosorbent assay (ELISA) kits
(BioSource International, Inc., Camarillo, CA, USA)
according to
the manufacturer’s instructions. The total IgE levels in BALF and
plasma
were measured using ELISA. Microtiter plates were coated
with anti-IgE antibodies
(anti-mouse IgE; 10 g/ml; Serotec, Oxford,
UK) in PBS-Tween-20 and incubated with
BALF or plasma samples. The
plates were then washed four times, and 200 μl of
o-
phenylenediamine dihydrochloride (Sigma-Aldrich) were added to
each well. The plates
were incubated for 10 min in the dark and the
absorbance was measured at 450 nm.

Immunoblot analysis

Equal amounts of total lung protein (30 μg) were
heated at 100°C for 5 min, loaded onto
8% SDS-PAGE gels, and
electrophoresed. The proteins were then transferred onto a
nitrocellulose membrane (at 100 V for 2 h) and the membrane was
blocked for 1 h with
Tris-buffered saline containing 0.05% Tween-20
(TBST) plus 5% skim milk, prior to
overnight incubation at 4°C with
anti-MUC5AC (1:1,000 dilution; Santa Cruz
Biotechnology, Inc.,
Santa Cruz, CA, USA) and anti-β-actin (1:1,000 dilution; Cell
Signaling Technology, Danvers, MA, USA) antibodies. The membrane
was washed three
times with TBST and incubated with a horseradish
peroxidase (HRP)-conjugated
secondary antibody (1:3,000 dilution;
Jackson ImmunoResearch Laboratories, Inc.,
West Grove, PA, USA) for
1 h at room temperature. The membrane was then washed
three times
with TBST and developed using an enhanced chemiluminescence kit
(ECL;
Amersham Pharmacia Biotech, Uppsala, Sweden). The band
intensity was determined
by densitometry using a ChemiDoc reader
(Bio-Rad Laboratories, Hercules, CA, USA).

Histology and immunohistochemistry

After the BALF samples were obtained and lung tissue
was fixed in 4% (v/v)
paraformaldehyde. The tissues were embedded
in paraffin, sectioned at a thickness of 4
μm, and stained with
hematoxylin and eosin solution (hematoxylin, Sigma MHS-16;
eosin,
Sigma HT110-1-32) and periodic acid-Schiff (PAS) (IMEB Inc., San
Marcos, CA,
USA) to estimate the levels of inflammation and mucus
production, respectively. For
immunohistochemistry, paraffin
sections were deparaffinized, dehydrated, washed in
PBS with 0.3%
Triton X-100, and pre-incubated for 10 min at room temperature with
10% goat serum to block non-specific staining. The slides were then
incubated
overnight at 4°C with primary mouse-rabbit MUC5AC
antibody (1:200 dilution; Santa
Cruz Biotechnology, Inc.). After
removing the primary antibodies, the sections were
washed and
incubated with biotinylated secondary antibody at 37°C for 1 h,
followed by
incubation with avidin-biotin-peroxidase complex
(Vector Laboratories, Inc.,
Burlingame, CA, USA) for 1 h at room
temperature. The excess complex was removed
and the sections were
washed with PBS, prior to incubation with 0.05%
diaminobenzidine
(1:200; Millipore, Billerica, MA, USA) for a further 10 min. The
sections were counterstained, rinsed with PBS to terminate the
reaction, and protected
with coverslips prior to microscopic
examination.

Image capture and photomicrography

Photomicrographs were obtained using a Photometric
Quantix digital camera running a
Windows program, and montages were
assembled using Adobe Photoshop 7.0. The
images were cropped and
corrected for brightness and contrast, but no other
manipulations
were performed.
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Data are expressed as the means ± standard error of
the mean (SEM). Statistical
differences were tested using analysis
of variance (ANOVA) followed by multiple
comparison tests with
Dunnett’s adjustment. P<0.05 was considered to indicate a
statistically significant difference.

Results

HPLC analysis

The HPLC chromatogram was obtained using a HPLC-PDA
detector. In the optimized
chromatography conditions, three
compounds were eluted within 35 min after analysis
using mobile
phases solvent A (1.0% acetic acid in water) and solvent B (1.0%
acetic
acid in acetonitrile). Peaks were identified based on the
retention time and by
comparison of the UV spectra with reference
standards. The HPLC chromatograms of
the standard and sample
solutions are shown in Fig. 1.
The retention times of the
compounds in the standard solutions were
8.0 min (homogentisic acid), 12.0 min (3,4-
dihydroxybenzaldehyde),
and 32.8 min (6-gingerol). However, one of the components of
P.
ternata, 3,4-dihydroxybenzaldehyde, was not detected (Fig. 1B). Homogentisic acid
was not
detected in the P. ternata and Z. officinale
(Fig. 1D) mixture, whereas
6-gingerol
was.

Figure 1

HPLC chromatograms of (A) standards
and (B-D) sample extracts detected at 280 nm.
(A) Standard
solution, (B) P. ternata extract, (C) Z. officinale
extract, and (D) a mixture of
P. ternata and Z.
officinale.

Suppression of OVA-induced eosinophilia
in BALF

The OVA-sensitized/challenged mice had a
significantly higher number of eosinophils,
macrophages,
neutrophils and lymphocytes in their BALF compared with the
negative
control mice (Fig. 2).
The montelukast-treated mice had a significantly lower number of
inflammatory cells than the OVA-sensitized/challenged mice.
Similarly, the EBM84-
treated mice had a significantly lower number
of inflammatory cells, particularly
eosinophils, compared with the
OVA-sensitized/challenged mice.

Figure 2

EBM84 inhibits the recruitment of
inflammatory cells in the bronchoalveolar lavage
fluid (BALF) of
mice 48 h after the final ovalbumin (OVA) challenge. Cells were
isolated
by centrifugation and stained with Diff-Quik staining
reagent. The cell numbers were
quantified under a light microscope
by counting cells in at least five squares of a
hemocytometer after
excluding dead cells using trypan blue. NC, negative control mice
treated with PBS only; OVA, OVA-sensitized/challenged mice; Mon,
montelukast (30
mg/kg)-treated + OVA-sensitized/challenged mice;
EBM84-L, EBM84 (16.9 mg/kg)-
treated + OVA-sensitized/challenged
mice; EBM84-M, EBM84 (33.8 mg/kg)-treated +
OVA-sensitized/challenged mice; EBM84-H, EBM84 (67.5 mg/kg)-treated
+ OVA-
sensitized/induced mice. The values are expressed as the
means ± SEM (n=7/group).
##P<0.01, significant
difference compared to NC mice; *P<0.05 and
**P<0.01, significant
difference compared to
OVA-sensitized/challenged mice.

Reduced levels of IL-4, IL-13 and eotaxin
in BALF

The levels of IL-4 (68.7±5.00 pg/ml, P<0.05) and
IL-13 (22.9±1.61 pg/ml, P<0.05) in BALF
were significantly
higher in the OVA-sensitized/challenged mice compared with the
negative controls (Fig. 3). By
contrast, the montelukast-treated mice had significantly
lower
levels of IL-4 (47.8±2.16 pg/ml, P<0.05) and IL-13 (12.6±1.12
pg/ml, P<0.05) in
BALF compared with the
OVA-sensitized/challenged mice. The EBM84-treated mice
had
significantly lower levels of IL-4 (52.0±2.58 pg/ml in the 16.9
mg/kg group, P<0.05;
53.6±2.81 pg/ml in the 33.8 mg/kg group,
P<0.05) and IL-13 (14.8±1.44 pg/ml in the 16.9
mg/kg group,
P<0.05; 16.7±1.20 pg/ml in the 33.8 mg/kg group, P<0.01;
16.6±1.05 pg/ml
in the 67.5 mg/kg group, P<0.05) compared with
the OVA-sensitized/challenged mice.
The EBM84-treated mice (67.5
mg/kg dose) had lower levels of IL-4 in their BALF
compared with
the OVA-sensitized/challenged mice, but no significant difference
was
detected. The eotaxin levels in the OVA-sensitized/challenged
mice (336.8±22.96 pg/ml,
P<0.05) were higher than those in the
negative controls. By contrast, the montelukast-
treated mice
(263.7±14.19 pg/ml, P<0.05) had significantly lower eotaxin
levels
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compared with the OVA-sensitized/challenged mice and
EBM84-treated mice
(228.9±23.0 pg/ml in the 16.9 mg/kg group,
P<0.05; 204.9±85.12 pg/ml in the 33.8 mg/kg
group, P<0.05;
200.4±12.1 pg/ml in the 67.5 mg/kg group, P<0.05).

Figure 3

EBM84 reduces the IL-4, IL-13 and
eotaxin levels in the bronchoalveolar lavage fluid
(BALF) of mice
48 h after the final OVA challenge. OVA-induced mice had
significantly
higher IL-4, IL-13 and eotaxin levels in their BALF.
EBM84-treated mice had
significantly lower levels of IL-4, IL-13
and eotaxin compared with OVA-
sensitized/challenged mice.
##P<0.01, significant difference compared to NC mice;
*P<0.05 and **P<0.01, significant
difference compared to OVA-sensitized/challenged
mice.

Reduction iin total IgE levels in BALF
and plasma

As shown in Table
I, the total IgE plasma levels were significantly higher in the
OVA-
sensitized/challenged mice compared with the negative controls,
while they were
significantly lower in the montelukast-treated mice
compared with the OVA-
sensitized/challenged mice. The EBM84-treated
mice had significantly lower total IgE
levels compared with the
OVA-sensitized/challenged mice. Similar to the total IgE
levels,
the OVA-sensitized/challenged mice had significantly higher
OVA-specific IgE
levels compared with the negative controls, while
the EBM84-treated mice had
significantly lower levels compared to
the OVA-sensitized/challenged mice. The EBM84-
treated mice (16.9
mg/kg dose) had lower levels of OVA-specific IgE compared with the
OVA-sensitized/challenged mice, although no significant difference
was detected.

Table I

Total IgE and OVA-specific IgE levels
in plasma.

Attenuation of inflammatory cell
infiltration and mucus production in lung
tissues of
OVA-sensitized/challenged mice

We observed a marked infiltration of inflammatory
cells into peribronchiolar and
perivascular lesions in the lung
tissue sections from the OVA-sensitized/challenged
mice compared
with the negative control mice (Fig.
4A). Most of the infiltrating
inflammatory cells were
eosinophils. By contrast, the EBM84-treated mice had less
inflammatory cell infiltration in their peribronchiolar and
perivascular lesions
compared with the OVA-sensitized/challenged
mice. Lung sections from the OVA-
sensitized/challenged mice stained
with PAS exhibited mucus overproduction and
goblet cell hyperplasia
(Fig. 4B). Tissue sections from
the montelukast- or EBM84-
treated mice exhibited mild mucus
production and goblet cell hyperplasia in the
bronchial airways
compared with the OVA-sensitized/challenged mice.

Figure 4

EBM84 inhibits the recruitment of
inflammatory cells to the lung tissues of mice 48 h
after the final
OVA challenge. (A) Histological examination of lung tissues with
hematoxylin and eosin staining (magnification, ×200). (B)
Histological examination of
mucus secretion in lung tissue with
periodic acid Schiff staining (magnification, ×200).
EBM84 reduced
airway inflammation in peribronchiolar and perivascular lesions, as
well as mucus hypersecretion induced by OVA challenge.

Reduction in MUC5AC expression in lung
tissues from OVA-
sensitized/challenged mice

To identify the possible protective mechanism
underlying the activity of EBM84 during
airway inflammation, we
investigated the expression of MUC5AC relative to mucus
secretion
in the lungs of OVA-sensitized/challenged mice. The
OVA-
sensitized/challenged mice had a significantly higher MUC5AC
expression in their lung
tissues compared with the negative
controls (Fig. 5A and B). The
EBM84-treated mice
had a significantly lower MUC5AC expression
compared with the OVA-
sensitized/challenged mice. These results
were consistent with the
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immunohistochemistry results. MUC5AC
expression was higher in the bronchiolar
epithelial lesions of the
OVA-sensitized/challenged mice compared with the negative
controls
(Fig. 5C). By contrast, the
EBM84-treated mice had a significantly lower
MUC5AC expression in
bronchiolar epithelial lesions compared with the
OVA-
sensitized/challenged mice.

Figure 5

EBM84 reduces the expression of MUC5AC
in the lung tissues of mice 48 h after the final
OVA challenge. (A)
MUC5AC protein expression in the gel. (B) Relative units of MUC5AC
protein expression. The relative units are the ratio of MUC5AC
relative to β-actin. (C)
MUC5AC protein expression in lung tissues.
The values are expressed as the means ±
SEM (n=7/group).
##P<0.01, significant difference compared to NC mice;
*P<0.05 and
**P<0.01, significant
difference compared to from OVA-sensitized/challenged mice.

Discussion

We investigated the effects of EBM84 on the
inflammatory response and mucus
secretion in the airways using an
OVA-induced model of murine asthma. The OVA-
sensitized/challenged
mice exhibited airway inflammation in their peribronchiolar and
perivascular lesions, as well as mucus hypersecretion in the goblet
cells accompanied
by elevated levels of IL-4, IL-13, eotaxin and
IgE in the BALF or plasma. MUC5AC
expression in the lung tissue was
significantly higher in the OVA-sensitized/challenged
mice compared
with the negative controls. By contrast, the EBM84-treated mice had
significantly less airway inflammation and mucus secretion, as well
as lower Th2
cytokine levels. The EBM84-treated mice also had lower
MUC5AC expression in their
lung tissues, which was consistent with
the immunohistochemistry results.

Th2 cytokines play a crucial role in the
pathogenesis of asthma. Elevated Th2 cytokine
levels accelerate the
recruitment of inflammatory cells into the respiratory tract and
mucus production by goblet cells (3,19).
In addition, Th2 cytokines increase IgE
switching in B cells and
IgE binding to FcɛRI (the high-affinity IgE receptor) on mast
cells
and basophils, which accelerate allergic responses (20). In this study, we detected
significant reductions in the BALF inflammatory cell counts, as
well as in Th2 cytokines
and IgE levels. These results indicate
that EBM84 can effectively suppress the
asthmatic response,
including airway inflammation. These results were strongly
supported by the histopathology results. EBM84 reduced airway
inflammation in the
peribronchiolar and perivascular lesions
induced by OVA challenge.

Mucus hypersecretion is a pathophysiological feature
of many patients with asthma
since it exacerbates asthma and
chronic obstructive lung disease by causing severe
airway narrowing
(21). Excess mucus secretion is
induced by a variety of factors, such
as Th2 cytokines, IgE,
eotaxin and MUC5AC. Th2 cytokines, particularly IL-13, cause the
overproduction of IgE and MUC5AC (10,22). MUC5AC is a major gel-forming
mucin,
which is expressed primarily in airway goblet cells.
According to a previous study, the
overexpression of MUC5AC
reflects goblet cell hyperplasia and mucus hypersecretion
in
asthmatic conditions (10). These
findings are consistent with the results of in vitro
experiments (23). In this study,
we found that EBM84 significantly reduced MUC5AC
expression and
lowered Th2 cytokine, IgE and eotaxin levels. These results were
confirmed by lung tissue staining with PAS and MUC5AC
immunohistochemistry. The
mucus hypersecrestion induced by OVA
challenge decreased dramatically in PAS-
stained lung tissue and
immunohistochemistry analysis showed that MUC5AC
expression was
significantly reduced in the alveolar goblet cells. These results
demonstrate that EBM84 suppresses mucus hypersecretion by reducing
MUC5AC
expression via the downregulation of Th2 cytokine
levels.

As mentioned earlier, EBM84 is a traditional herbal
medicine containing P. ternata and
Z. officinale,
which has various pharmacological effects. In oriental herbal
medicine,
multi-herb mixtures are considered to enhance the
pharmacological effects of any
single herb while reducing any toxic
effects. P. ternata has been shown to induce
mucosal
membrane damage in the oral cavity or gastrointestinal tract since
it contains
irritants, such as homogentisic acid and calcium
oxalate (24). This toxicity
limits the
clinical applications of P. ternata. Therefore,
P. ternata is combined with Z. officinale in
oriental
herbal medicine to eliminate the toxic effects and enhance the
beneficial
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effects of P. ternata (16,25). This is known as processing
(26). Thus, EBM84 exerts more
potent effects on asthmatic responses, such as airway inflammation
and mucus
hypersecretion than each herb separately due to
processing.

In conclusion, our data demonstrate that EBM84
attenuates OVA-induced airway
inflammation and mucus hypersecretion
in a murine model of asthma. The protective
effects of EBM84 were
mediated via the downregulation of Th2 cytokines, which led to
the
suppression of MUC5AC overexpression in lung tissues. These
findings suggest that
EBM84 may be useful as an adjuvant therapy in
asthmatic patients.
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