Lee et al. BMC Complementary and Alternative Medicine (2016) 16:169
DOI 10.1186/s12906-016-1155-4

RESEARCH ARTICLE

Open Access

KOTMIN13, a Korean herbal medicine
alleviates allergic inflammation in vivo and
in vitro
Eujin Lee1†, Sun-Gun Kim1†, Na-Young Park1, Hyo-Hyun Park1, Kyu-Tae Jeong1, Jongkeun Choi2, In-Hae Lee2,
Hwadong Lee1, Keuk-Jun Kim3* and Eunkyung Lee1*

Abstract
Background: The ethanol extract of KOTMIN13, composed of Inula japonica Flowers, Trichosanthes kirilowii Semen,
Peucedanum praeruptorum Radix, and Allium macrostemon Bulbs, was investigated for its anti-asthmatic and
anti-allergic activities.
Methods: The anti-asthmatic effects of KOTMIN13 were evaluated on ovalbumin (OVA)-induced murine asthma
model. Anti-allergic properties of KOTMIN13 in bone-marrow derived mast cells (BMMC) and passive cutaneous
anaphylaxis (PCA) in vivo were also examined.
Results: In asthma model, KOTMIN13 effectively suppressed airway hyperresponsiveness induced by aerosolized
methacholine when compared to the levels of OVA-induced mice. KOTMIN13 treatment reduced the total
leukocytes, eosinophil percentage, and Th2 cytokines in the bronchoalveolar lavage fluids in OVA-induced mice.
The increased levels of eotaxin and Th2 cytokines in the lung as well as serum IgE were decreased by KOTMIN13.
The histological analysis shows that the increased inflammatory cell infiltration and mucus secretion were also
reduced. In addition, the degranulation and leukotriene C4 production were inhibited in BMMC with IC50 values of
3.9 μg/ml and 1.7 μg/ml, respectively. Furthermore, KOTMIN13 treatment attenuated mast-mediated PCA reaction.
Conclusions: These results demonstrate that KOTMIN13 has anti-asthmatic and anti-allergic effects in vivo and in
vitro models.
Keywords: Airway hyperresponsiveness (AHR), Bronchoalveolar lavage fluids (BALF), Bone-marrow derived mast
cells (BMMC), Passive cutaneous anaphylaxis (PCA), Degranulation, Leukotriene C4 (LTC4)

Background
The allergic reaction is biphasic. The immediate reaction
occurs within minutes caused by release of preformed
mediators from basophils and mast cells upon allergen
exposure. The late phase allergic reaction is caused by
mobilization and accumulations of inflammatory cells,
resulting further release of pharmacologically active mediators, sustaining the allergic response and promoting the late
allergic response [1]. Asthma is a chronic inflammatory
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disorder of the airways associated with airway hyperresponsiveness (AHR) and airflow obstruction. Activation of Th2
cells in the airway is responsible for the pathogenesis of this
disease. Th2 cells orchestrate the recruitment and activation of mast cells and eosinophils through the release of
Th2 cytokines such as IL-4, IL-5 and IL-13, which are the
primary effector cells of the allergic response.
Mast cells are widely distributed throughout human
respiratory tract and found in alveoli walls [2]. They are
major effector cells that play a role in allergic inflammation. When activated through IgE-dependent or IgEindependent ways, mast cells release preformed mediators
(histamine, proteases, and proteglycans) from their granules, lipid mediators (leukotrienes (LTs) and prostaglandins
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(PGs)) derived from arachidonic acid, and synthesize cytokines and chemokines [2, 3].
The medicinal plants have been used in traditional
medicine to treat allergic diseases and their activities have
been demonstrated [4–6]. A Korean herbal medicine
named KOTMIN13, composed of Inula japonica Thunberg, Trichosanthes kirilowii Maximowicz var. japonica
kitamura, Peucedanum praeruptorum Dunn, and Allium
macrostemon Bge, has been used for the purpose of antiallergic and anti-asthmatic treatment in an oriental clinic,
but its activities have not been investigated. In the present
study, we investigated the effects of KOTMIN13 on the
treatment of asthma in vivo model as well as allergic
response by measuring inflammatory mediators in bonemarrow derived mast cells (BMMC) and passive cutaneous anaphylaxis (PCA) in mice.
The results demonstrated that KOTMIN13 attenuated
ovalbumin (OVA)-induced airway inflammation by reducing AHR, leukocyte infiltration, the levels of Th2 cytokine,
eotaxin, and serum IgE production, as well as mucus secretion in a murine asthma model. Furthermore, we showed
that these effects were associated in part with the suppression of activated mast cells by inhibiting degranulation and
eicosanoid production in BMMC as well as PCA in vivo.

challenge), OVA (OVA sensitization and challenge positive
group), KOTMIN13 (50, 100, 200 mg/kg), montelukast
(Mont, 20 mg/kg), and dexamethasone (Dex, 1 mg/kg).
KOTMIN13, Mont, or Dex was treated per orally 10 times
at every 12 h from 1 day before the first challenge to the
last challenge. Mice care and experimental procedures were
conducted with the approval of the animal care committee
of National Development Institute of Korean Medicine
(Approval No. KOTMIN-2015-001 for asthma).

Methods
Plant materials

Herbs (Inula japonica Flowers, Trichosanthes kirilowii
Semen, Peucedanum praeruptorum Radix, and Allium
macrostemon Bulbs) were purchased from Humanherb
(Gyeongsan, Korea) and authenticated by Dr. H. Lee, an
herbalist. A voucher specimen has been deposited at the
National Development Institute of Korean Medicine. The
herbs were mixed according to the ratio of combination
(10:8:8:5), extracted with 30 % ethanol at a ratio of 1:10 (w/
v) and then refluxed for 24 h at 60 °C. The extracted solution was filtered and the solvent evaporated under vacuum
at 40 °C (Eyela, Tokyo, Japan), before being freeze-dried to
obtain a concentrated extract (15.4 % yield).
Murine asthmatic model and treatment

Six weeks old female BALB/c mice (16–20 g) were obtained
from Koateck (Seoul, Korea) and fed with laboratory chow
(Purina, Seoul, Korea) and water ad libitum. Animals were
acclimatized in a specific pathogen-free animal facility
under the conditions of 20–22 °C, 40–60 % relative humidity, and 12 h/12 h (light/dark) cycle at least for 7 days. Mice
were sensitized by intraperitoneal administration on days 0
and 14 with 20 μg/ml of OVA in PBS mixed with equal volumes of alum (1 mg) as an adjuvant. The mice were challenged from day 22 to 24 with 1 % OVA in PBS or PBS
using a nebulizer (NE-U17, OMRON, Tokyo, Japan). Mice
were randomly divided into 7 groups groups (n = 6 per
group): NC (negative control group, PBS sensitization and

AHR measurement

AHR to aerosolized methacholine (Sigma, St. Louis,
MO, USA) was measured in the plethysmograph chamber (Emka Technologies, Paris, France) according to the
manufacture’s protocol. In brief, mice were stabilized in
the chamber for 10 min and then exposed to aerosolized
saline (1 min) as a control. Mice were then challenged
every 20 min with aerosolized methacholine. Increasing
doses of aerosolized methacholine were administered
and enhanced pause (Penh) was measured over the subsequent 5 min as an index of airway obstruction.
Analysis of total cells and eosinophils in bronchoalveloar
lavage fluid (BALF)

BALF was obtained as described previously [7] and immediately centrifuged (2 min, 4 °C, 160 g). After removing the supernatant, the cells were resuspended in
0.5 ml of PBS. After total cell counting, the suspended
cells were spun onto glass microscope slides (Shandon
Cytospin 4, Thermo Scientific, Kalamazoo, MI, USA)
and stained with hematoxylin and eosin (H&E). The
number of eosinophils was determined by counting at
least 100 cells in each of four different locations, and
data were expressed as a percentage of total leukocytes.
Enzyme-liked immunosorbent assays (ELISA)

The levels of eotaxin and cytokines in BALF and lung
homogenate supernatant were quantified using ELISA
according to the manufacturer’s instructions (R&D Systems, Inc., Minneapolis, MN, USA). Blood was collected
from mice via cardiac puncture and serum was obtained
by centrifugation (1000 g for 10 min at 4 °C) and stored at
−70 °C. Total serum IgE was measured by using Mouse
IgE ELISA kit (BD Biosciences, San Diego, CA, USA).
Histological analysis of lung tissue

The lungs were removed and fixed with 10 % (v/v) formaldehyde prior to embedding in paraffin. The sections
of fixed paraffin tissues were cut (4 μm thick), deparaffinized and stained with H&E, and then periodic acid
Schiff reagent (PAS) to measure leukocyte accumulation
and mucus secretion, respectively.
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BMMC preparation

HPLC analysis

Bone marrow cells from male BALB/cJ mice were cultured
in RPMI 1640 media (2 mM L-glutamine, 100 U/ml penicillin, 100 μg/ml streptomycin) and 10 % fetal calf serum
from (Hyclone, South Logan, UT, USA) containing 20 %
pokeweed mitogen-stimulated spleen condition medium
(Sigma). After 3 weeks, BMMC were used for assays.

The chromatographic system was composed of a shimadzu LC-2AP Binary HPLC pump and a SPD-20A
Photodiode Array Detector (Shimadzu, Corp., Kyoto,
Japan). Detection and quantification were performed
using Empower software. The separation was carried out
on a Waters Sunfire C18 column (250 mm × 4.6 mm,
5 μm) at a column temperature of 40 °C. The injection
volume was 20 μL for a sample. The detection wavelength was 330 nm. The mobile phase consisted of Solvent A (0.3 % aqueous acetic acid (v/v)) and Solvent B
(acetonitrile) with gradient elution at the flow rate of
1.0 ml/min: 20 % Solvent B at 0 min, 40 % B at 40 min,
20 % B at 50 min, 20 % B at 60 min.

Determination of β-hexosaminidase (hex) release, LTC4
generation and local anaphylaxis

The release of β-hex was quantified by spectrophotometirc method as described previously [8]. For LTC4 determination, BMMC at a cell density of 1 × 106 cells/ml
were sensitized overnight with anti-dinitrophenyl (DNP)
IgE (500 ng/ml) and seeded in 96 well plate. After preincubated with KOTMIN13 for 30 min, BMMC were
stimulated with DNP-human serum albumin (HSA,
100 ng/ml) for 15 min and all reactions were stopped by
centrifugation at 120 g at 4 °C for 5 min, and then the
supernatants were immediately used for LTC4 determination. The level of LTC4 was determined using EIA kit
(Cayman Chemical, Ann Arber, MI, USA) accordance
with the manufacturer’s protocols.
PCA test

The experimental method for PCA was described previously [8]. In short, mouse anti-DNP IgE (80 ng, Sigma)
were intradermally injected into ears of 7-week old ICR
male mice, followed 24 h later by oral administration of
KOTMIN13 (50, 100, and 200 mg/kg) or fexofenadineHCl (fexo), a histanime H1 receptor antagonist (Korea
Pharma, Seoul, 50 mg/kg). The mice were intravenously
challenged with DNP-HSA (60 μg, Sigma) in PBS containing 1 % (w/v) Evans blue and ears were removed to determine the amount of dye extravasation (at 630 nm). Mice
care and experimental procedures were performed under
the approval by Animal Care Committee of National
Development Institute of Korean Medicine (Approval No.
KOTMIN-2015-006 for PCA).

Statistical analysis

The data are expressed as mean ± SEM. Statistical significance was determined by one-way ANOVA followed by
Duncan’s multiple range tests. A value of p < 0.05 was considered statistically significant.

Results
Effects of KOTMIN13 on AHR

AHR to methacholine (doses of 2.5, 5, 20, 30, 40 mg/kg)
was examined 18 h after the final OVA challenge. The
responsiveness of the control mice to methacholine was
weak as shown in Table 1. However, methacholine administration significantly increased the Penh values in
OVA-induced and OVA-challenged mice compared with
the controls. KOTMIN13 treatment significantly reduced the Penh values in a dose dependent manner.
Treatment of mice with 200 mg/kg of KOTMIN13
strongly diminished the increased AHR and resulted in
similar dose–response curves of AHR to that of the Dex.
Effects of KOTMIN13 on total cells and eosinophils in BALF

To evaluate the anti-asthmatic effect of KOTMIN13 in
an in vivo model, the total number of leukocytes and the
percentage of eosinophils in the BALF were determined.
The total leukocytes in the BALF of the OVA-induced

Table 1 The effect of KOTMIN13 on AHR
Group

Concentration

Methacholine-induced Penh level
2.5 mg/kg

5 mg/kg

20 mg/kg

30 mg/kg

40 mg/kg

NC

1.56 ± 0.13

1.73 ± 0.03

2.15 ± 0.10

3.28 ± 0.25

3.65 ± 0.30

OVA

4.31 ± 0.26##

4.71 ± 0.20##

6.47 ± 0.36##

10.50 ± 1.00###

12.00 ± 0.57###

KOTMIN13

Montelukast
Dexamethasone

*

50 mg/kg

3.53 ± 0.13

3.87 ± 0.25

4.99 ± 0.42

6.97 ± 0.37

7.36 ± 0.88**

100 mg/kg

2.99 ± 0.23**

3.38 ± 0.18**

5.01 ± 0.28*

5.96 ± 0.39***

6.98 ± 0.26***

***

***

*

2.34 ± 0.06

2.69 ± 0.23

3.70 ± 0.19

5.16 ± 0.18

5.17 ± 0.48***

20 mg/kg

3.03 ± 0.20**

3.43 ± 0.18**

5.34 ± 1.34*

5.92 ± 0.28***

6.49 ± 0.23***

***

5.13 ± 0.37***

1 mg/kg

Data were expressed as the mean ± SEM.
the OVA group

2.00 ± 0.05
##

P <0.01 and

###

***

2.30 ± 0.20

***

**

200 mg/kg

***

***

*

**

4.09 ± 0.12

5.16 ± 0.29

P <0.001 compared with the negative control (NC); *P <0.05, **P <0.01, and ***P <0.001 compared with
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lung tissues were increased as compared to control mice.
However, KOTMIN13 (100 and 200 mg/kg) inhibited the
OVA-induced recruitment of total leukocytes into the airway (Fig. 1a). The number of eosinophils in the BALF of
mice was determined as a percentage of the total number
of cells and KOTMIN13 treatment decreased the eosinophil percentage recruited into the airways of the OVAinduced mice (Fig. 1b).

lung tissues were stained with H&E and PAS staining
solution. The infiltration of inflammatory cells into perivascular and peribronchial areas was observed in OVAchallenged mice. KOTMIIN13 treatment reduced the degree of inflammatory cell infiltration in the perivascular
and peribronchial areas (Fig. 3a). Mucus secretion within
the bronchi of the lungs was also examined. An increase
in intensity of PAS staining was observed in the lung
tissues of OVA-induced mice and KOTMIN13 treatment
reduced mucus production in lung tissues when compared
with control (Fig. 3b). As expected, Dex significantly decreased perbronchial and perivascular lung inflammation.

Effects of KOTMIN13 on eotaxin, cytokines, and serum IgE

The levels of Th2 cytokines and eotaxin were measured in
the BALF and lung homogenate supernatant using ELISA.
As shown in Fig. 2a, OVA sensitization and challenge induced significant elevation of IL-4, IL-5, and IL-13 in the
BALF. KOTMIN13 treatment (at doses of 100 and 200 mg/
kg) decreased the concentration of these cytokines. The
levels of eotaxin and cytokines including eotaxin, IL-4, and
IL-5 in the lung of mice were also determined (Fig. 2b).
Eotaxin level was higher in OVA-induced mice than that in
control mice. KOTMIN13 treatment at dose of 100 and
200 mg/kg effectively inhibited the increased eotaxin in the
lung of OVA-induced mice. The levels of IL-4 and IL-5
were increased in the OVA-induced asthmatic mice when
compared to control mice and KOTMIN13 treatment
decreased the levels of IL-4 and IL-5 in the lung. Therefore,
KOTMIN13 treatment attenuated the eotaxin and Th2
cytokine levels in both BALF and the lung of OVA-induced
mice. We also determined whether KOTMIN13 modulated
the levels of serum IgE in OVA-induced mice. As shown in
Fig. 2c, the levels of serum IgE were significantly increased
in OVA-induced mice when compared to control mice.
However, KOTMIN13 treatment at 100 and 200 mg/kg led
to a decrease in the serum levels of IgE.
Histological analysis of lung tissue

To examine the inhibitory effects of KOTMIN13 on the
histological changes in the OVA-induced asthma model,

Effect of KOTMIN13 on β-hex release, LTC4 generation,
and local anaphylaxis

Since histamine release by activated mast cells parallels the
release of β-hex, the effect of KOTMIN13 on degranulation
was determined by β-hex release. As shown in Fig. 4a,
KOTMIN13 treatment reduced the release of β-hex (IC50
= 3.9 μg/ml) in activated BMMC. The inhibitory activity of
KOTMIN13 on the LTC4 production was shown in a dosedependent manner with an IC50 value of 1.7 μg/ml (Fig. 4b).
These results suggested that KOTMIN13 has inhibitory activities on the release of preformed and synthesized ecosanoid mediators in activated mast cells. We also examined
the anti-allergic activity of KOTMIN13 on PCA. An oral
administration of KOTMIN13 1 h before injection of antigen inhibited the mast cell-mediated PCA reaction (31 % at
200 mg/kg and 32 % at 400 mg/kg), indicating that KOTMIN13 exerts anti-allergic effects through the inhibition of
mast cell degranulation.
HPLC analysis

More than 20 compounds from KOTMIN13 were purified
and identified. Among them, the identification of thirteen
compounds was based on the retention times and the UV
spectrum in comparison with authentic standards at a

Fig. 1 Effects of KOTMIN13 on the recruitment of leukocytes in BALF. BALF was obtained after aerosolized OVA inhalation challenge. a Total
leukocytes and eosinophils from the BALF were counted. b The eosinophils were expressed as a percentage of the total leukocytes. Values
represent mean ± SEM. #P < 0.05 and ###P < 0.001 compared with the negative control (NC); *P < 0.05, **P < 0.01, and ***P < 0.001 compared with
the OVA (OVA sensitized/challenged) group. Dex, dexamethasone
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Fig. 2 The effect of KOTMIN13 on the levels of eotaxin, cytokines, and serum IgE. The levels of Th2 cytokines (IL-4, IL-5, and IL-13) and eotaxin in (a)
BALF and (b) lung, and (c) serum IgE were determined using ELISA. Values represent mean ± SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001 compared with
the negative control (NC); *P < 0.05, **P < 0.01, and ***P < 0.001 compared with the OVA (OVA sensitized/challenged) group. Dex, dexamethasone
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Fig. 3 Histological analysis of lung tissue. Histological analysis of lung tissue was conducted. Lung sections of control mice and asthmatic mice
treated with KOTMIN13 or Dex were stained with (a) H&E or (b) PAS. Arrows indicates inflammatory cells and mucus production. Values represent
mean ± SEM. NC, negative control; OVA, OVA sensitized/challenged; K, KOTMIN13; Dex, dexamethasone. Magnification 200×

wavelength of 330 nm. The 13 compound profile of KOTMIN13 analyzed via HPLC (Fig. 5) showed that one phenyl
propanoid (secoisolariciresinol), four flavonoids (isoquercitrin, quercitrin, quercetin, and luteolin), four terpenes

(cucurbitacin, 1-O-acetylbritannilactone, britanin, and
tomentosin), two lignans (anthricin and pinoresinol), one
polyphenol (1,5-di-O-caffeoylquinic acid), and one coumarin (praeruptorin A) were isolated and purified from
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Fig. 4 Effect of KOTMIN13 on β-hex release, LTC4 production, and PCA. BMMC were sensitized with anti-DNP IgE, treated with KOTMIN13, and then
challenged with DNP-HSA. a β-hex and b LTC4 released into the supernatant were determined. c In PCA test, mice were sensitized by intradermal injection
of IgE (80 ng) into mouse ears and intravenously challenged with DNP-HSA (60 μg) containing Evans blue after oral administration of KOTMIN13 for 1 h.
Ears were removed for measuring the amount of dye extravasation. Values represent mean ± SEM. ##P < 0.01 compared with the negative control
(NC, anti-DNP IgE); *P < 0.05, **P < 0.01, and ***P < 0.001 compared with the positive control (PC, anti-DNP IgE/DNP-HSA)

KOTMIN13. The chemical structures were determined by
comparison of their NMR spectral data with standards.

Discussion
Asthma is a chronic inflammatory disorder of airway in
which many cells and cellular components play a role, in
particular, mast cells, eosinophils, T cells, neutrophils, and
epithelial cells [9]. Although corticosteroids with potent
anti-inflammatory and anti-allergy activities remain the
major therapy for allergic diseases, long-term medication
can lead to serious side effects and complications [10]. Various plant extracts have been used in traditional medicine to
treat allergic diseases and their activities have been demonstrated [4–6]. Therefore, many researchers in Asia have tried
to generate data to support herbal medicine for usage as
natural anti-inflammatory products because it is necessary
to demonstrate that herbal medicine is safe and effective.
KOTMIN13 is composed of four herbs: Inula japonica
Flowers, Trichosanthes kirilowii Semen, Peucedanum
praeruptorum Radix, and Allium macrostemon Bulbs. It
is modified from Guaruhaebaebaekju-tang, which has

frequently used for asthma treatment in traditional
herbal medicine. Although KOTMIN13 has been used
for treatment of anti-inflammatory and anti-allergic diseases such as asthma and allergic rhinitis in a local
clinic, there are still no valid data of its anti-allergic
effect and the mechanism underlying the anti-asthmatic
effect of KOTMIN13. In previous study, we demonstrated that KOTMIN13 inhibits the production of
inflammatory mediators including NO, PGE2, and proinflammatory cytokines that are mediated through NFkB and MAPK activity inhibition in LPS-induced RAW
264.7 cells. In addition, KOTMIN13 ameliorated the development of phorbol ester 12-O-tetradecanoylphorbol13-acetate-induced ear edema and carrageenan-induced
paw edemas in acute inflammatory edema models (unpublished data).
Since various mediators released during allergic inflammation play a critical role in AHR development [11], AHR
is a hallmark of clinical symptom for asthma. Increased
Th2 cytokines such as IL-4, IL-5, and IL-13 play a vital
role in asthmatic responses. IL-4 increases IgE production
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Fig. 5 Representative HPLC-UV chromatograms of KOTMIN13 extract and its components. 1, (−)Secoisolariciresinol; 2, Isoquercitrin; 3, Cucurbitacin;
4, Anthricin; 5, 1,5-di-O-caffeoylquinic acid; 6, Quercitrin; 7, Quercetin; 8, Luteolin; 9, Praeruptorin A; 10, 1-O-acetylbritannilactone; 11, Britanin; 12,
(−)Pinoresinol; 13, Tomentosin

and participates in the initiation of Th2 inflammatory responses. IL-5 plays a crucial role in AHR by mobilizing
and activating eosinophils [12]. IL-13 has been shown to
induce mucus hypersecretion and AHR in murine asthma
models in which cysteinyl-LTs might be causative agents
of AHR [13]. In the present study, our results demonstrated that KOTMIN13 treatment alleviated AHR, decreased total leukocyte recruitment, and the production of
Th2 cytokines in the BALF and lungs of OVA-induced
mice, which was consistent with the results of the histological analysis. Therefore, the reduced Th2 cytokine production in this experiment led to low levels of serum IgE
as well as decreased leukocyte infiltration and mucus secretion into the lung tissue of asthmatic mice.
Histamine is one of the most potent mediators in the
acute phase of immediate hypersensitivity and triggers
acute symptoms due to its rapid effects on the bronchial
and smooth muscle cells [14]. Cysteinyl LTs also affect
inflammatory cell recruitment, mucus production, airways remodeling, and pulmonary vascular leakage [15].
In this study, the effect of KOTMIN13 on β-hex release
from stimulated BMMC was determined and revealed
that KOTMIN13 inhibited β-hex release in a dose
dependent manner. In addition, LTC4 production from
stimulated BMMC was also reduced by KOTMIN13
treatment. These results indicate that KOTMIN13 suppresses the degranulation and LTC4 production which
attenuate inflammatory response with asthma and other
inflammatory disease. PCA is one of the most important
in vivo models of immediate hypersensitivity in local allergic reaction. In this study, PCA reaction was induced
by the injection of IgE and antigen and oral administration of KOTMIN13 decreased the PCA reaction in a
dose dependent manner, indicating its role in the

prevention or treatment of mast cell-mediated allergic
reactions such as asthma.
Among thirteen compounds isolated from KOTMIN13, sesquiterpene lactons such as 1-O-acetylbritannilactone, britanin, and tomentosin from Inulae flos
have been proven to exhibit anti-inflammatory activities
in others and our previous studies [16–19]. Flavonols
(quercetin, quercitrin, and isoquercetin) from Inulae flos
function as anti-inflammatory and anti-allergic activities
[20–25]. Luteolin also attenuates AHR in OVA-induced
mice and inhibited mast cell-mediated allergic
inflammation [26, 27]. Other compounds from Inulae
flos such as 1,5-di-O-dicaffeoylquinic acid were identified in HPLC analysis. Recently, several other antiinflammatory compounds from Inulae flos were also isolated [28, 29]. Praeurptorin A isolated from Peucedanum
praeruptorum Radix and Allium macrostemon Bulbs has
showed anti-inflammatory effects in LPS-stimulated
RAW 264.7 cells, as well as suppressed OVA-induced
airway inflammation and remodeling in mice [30–32].
Two compounds, cucurbitacin and pinoresinol from
Trichosanthes kirilowii semen were identified by HPLC
analysis. Cucurbitacin B has anti-inflammatory activities
in vitro and in vivo and pinoresinol attenuates inflammatory responses of microglia on the production of
inflammatory mediators by the inhibition of ERK and
NF-kB activities [33–35]. Although compounds such as
praeurptorin B, praeurptorin C, 3,4-dihydroxy benzoic
acid, di-O-caffeoylquinic acid, and miquelianin were not
in the HPLC chromatogram, they were isolated from
KOTMIN13. The active compounds mentioned above
are involved in the anti-allergic responses of KOTMIN13, and other compounds derived from KOTMIN13
may have anti-allergic activity as well.
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Conclusion
In summary, our study suggests that KOTMIN13 is an
alternative natural drug in the OVA-induced airway inflammation by decreasing AHR, leukocyte infiltration, Th2 cytokines, and IgE production, as well as mucus secretion in a
mouse model of asthma. In addition, anti-allergic activities
of KOTMIN13 could be in part mediated by decreasing
pharmacologically active mediators from mast cells.

4.

Abbreviations
β-hex, β-hexosaminidase; AHR, airway hyperresponsiveness; BALF,
bronchoalveolar lavage fluid; BMMC, bone-marrow derived mast cells;
Dex, dexamethasone; DNP, dinitrophenyl; ELISA, enzyme-liked
immunosorbent assays; ERK, extracellular signal regulated kinase;
Fexo, fexofenadine; H&E, hematoxylin and eosin; HSA, human serum
albumin; LT, leukotriene; MAPK, mitogen-activated protein kinase;
Mont, montelukast; NF-kB, nuclear factor-kappa B; NO, nitric oxide;
OVA, ovalbumin; PAS, periodic acid Schiff; PCA, passive cutaneous
anaphylaxis; Penh, enhanced pause; PG, prostaglandin

8.

5.

6.
7.

9.
10.

11.
12.

Acknowledgments
We are grateful to Dr. Jin, School of Pharmacy, Tianjin Medical University for
her technical support.

13.

Funding
This study was supported by a grant of the Traditional Korean Medicine R&D
Project (HI13C0538), Ministry Health & Welfare, Republic of Korea.

14.
15.

Availability of data and materials
All data are included within the paper. Herbs used in the study have been
deposited at the National Development Institute of Korean Medicine.
Authors’ contribution
SGK and EL carried out animal studies and the immunoassays. NYP, HHP,
and KTJ participated in the animal studies. JC and IHL performed the HPLC
analysis. HL provided the decoction of KOTMIN13. KJK carried out the
histological analysis and drafted the manuscript. EL conceived of the study
and drafted the manuscript. All authors read and approved the final
manuscript.

16.

17.

18.

19.
Competing interests
The authors declare that they have no competing interests.
20.
Consent for publication
Not applicable.
21.
Ethics approval and consent to participate
All procedures on the animal studies were complied with the standards for
the care and use of experimental animals and were approved by Animal
Care Committee of National Development Institute of Korean Medicine.

22.

23.
Author details
1
Research and Development Division, National Development Institute of
Korean Medicine, Gyeongsan 712-260, Republic of Korea. 2Department of
Cosmetic Science, Chungwoon University, Chungnam 350-701, Republic of
Korea. 3Department of Clinical Pathology, Daekyeung University, Gyeongsan
712-719, Republic of Korea.

24.

25.

Received: 2 February 2016 Accepted: 28 May 2016
26.
References
1. Nauta AJ, Engels F, Knippels LM, Garssen J, Nijkamp FP, Redegeld FA.
Mechanisms of allergy and asthma. Eur J Pharmacol. 2008;585(2–3):354–60.
2. Boyce JA. The role of mast cells in asthma. Prostaglandins Leukot Essent
Fatty Acids. 2003;69(2–3):195–205.
3. Kalesnikoff J, Galli SJ. New developments in mast cell biology. Nat Immunol.
2008;9(11):1215–23.

27.

28.

Li XM, Huang CK, Zhang TF, Teper AA, Srivastava K, Schofield BH, Sampson
HA. The chinese herbal medicine formula MSSM-002 suppresses allergic
airway hyperreactivity and modulates TH1/TH2 responses in a murine
model of allergic asthma. J Allergy Clin Immunol. 2000;106(4):660–8.
Yang EJ, Lee JS, Yun CY, Kim JH, Kim JS, Kim DH, Kim IS. Inhibitory effects of
Duchesnea chrysantha extract on ovalbumin-induced lung inflammation in a
mouse model of asthma. J Ethnopharmacol. 2008;118(1):102–7.
Cho SJ, Kim HW, Kim BY, Cho SI. Sam So Eum, a herb extract, as the remedy
for allergen-induced asthma in mice. Pulm Pharmacol Ther. 2008;21(3):578–83.
Park YN, Lee YJ, Choi JH, Jin M, Yang JH, Li Y, Lee J, Li X, Kim KJ, Son JK et al.
Alleviation of OVA-induced airway inflammation by flowers of Inula japonica in
a murine model of asthma. Biosci Biotechnol Biochem. 2011;75(5):871–6.
Jeong KT, Kim SG, Lee J, Park YN, Park HH, Park NY, Kim KJ, Lee H, Lee YJ,
Lee E. Anti-allergic effect of a Korean traditional medicine, Biyeom-Tang on
mast cells and allergic rhinitis. BMC Complement Altern Med. 2014;14:54.
Holgate ST. Pathogenesis of asthma. Clin Exp Allergy. 2008;38(6):872–97.
Guilbert TW, Morgan WJ, Zeiger RS, Mauger DT, Boehmer SJ, Szefler SJ,
Bacharier LB, Lemanske RF Jr., Strunk RC, Allen DB, et al. Long-term inhaled
corticosteroids in preschool children at high risk for asthma. N Engl J Med.
2006;354(19):1985–97.
Cockcroft DW, Davis BE. Mechanisms of airway hyperresponsiveness. J
Allergy Clin Immunol. 2006;118(3):551–9. quiz 560–551.
Gleich GJ. Mechanisms of eosinophil-associated inflammation. J Allergy Clin
Immunol. 2000;105(4):651–63.
Vargaftig BB, Singer M. Leukotrienes mediate murine bronchopulmonary
hyperreactivity, inflammation, and part of mucosal metaplasia and tissue
injury induced by recombinant murine interleukin-13. Am J Respir Cell Mol
Biol. 2003;28(4):410–9.
Jutel M, Akdis M, Akdis CA. Histamine, histamine receptors and their role in
immune pathology. Clin Exp Allergy. 2009;39(12):1786–800.
Ogawa Y, Calhoun WJ. The role of leukotrienes in airway inflammation. J
Allergy Clin Immunol. 2006;118(4):789–98. quiz 799–800.
Han M, Wen JK, Zheng B, Zhang DQ. Acetylbritannilatone suppresses NO
and PGE2 synthesis in RAW 264.7 macrophages through the inhibition of
iNOS and COX-2 gene expression. Life Sci. 2004;75(6):675–84.
Park HH, Kim MJ, Li Y, Park YN, Lee J, Lee YJ, Kim SG, Park HJ, Son JK, Chang
HW et al. Britanin suppresses LPS-induced nitric oxide, PGE2 and cytokine
production via NF-kappaB and MAPK inactivation in RAW 264.7 cells. Int
Immunopharmacol. 2013;15(2):296–302.
Park HH, Kim SG, Kim MJ, Lee J, Choi BK, Jin MH, Lee E. Suppressive effect of
tomentosin on the production of inflammatory mediators in RAW264.7
cells. Biol Pharm Bull. 2014;37(7):1177–83.
Lu Y, Li X, Park YN, Kwon O, Piao D, Chang YC, Kim CH, Lee E, Son JK,
Chang HW. Britanin suppresses IgE/Ag-induced mast cell activation by
inhibiting the Syk pathway. Biomol Ther (Seoul). 2014;22(3):193–9.
Fang SH, Rao YK, Tzeng YM. Anti-oxidant and inflammatory mediator’s
growth inhibitory effects of compounds isolated from Phyllanthus urinaria. J
Ethnopharmacol. 2008;116(2):333–40.
Dajas F. Life or death: neuroprotective and anticancer effects of quercetin. J
Ethnopharmacol. 2012;143(2):383–96.
Yin Y, Li W, Son YO, Sun L, Lu J, Kim D, Wang X, Yao H, Wang L,
Pratheeshkumar P et al. Quercitrin protects skin from UVB-induced oxidative
damage. Toxicol Appl Pharmacol. 2013;269(2):89–99.
Valentova K, Vrba J, Bancirova M, Ulrichova J, Kren V. Isoquercitrin: pharmacology,
toxicology, and metabolism. Food Chem Toxicol. 2014;68:267–82.
Park HJ, Lee CM, Jung ID, Lee JS, Jeong YI, Chang JH, Chun SH, Kim MJ,
Choi IW, Ahn SC, et al. Quercetin regulates Th1/Th2 balance in a murine
model of asthma. Int Immunopharmacol. 2009;9(3):261–7.
Cruz EA, Da-Silva SA, Muzitano MF, Silva PM, Costa SS, Rossi-Bergmann B.
Immunomodulatory pretreatment with Kalanchoe pinnata extract and its
quercitrin flavonoid effectively protects mice against fatal anaphylactic
shock. Int Immunopharmacol. 2008;8(12):1616–21.
Das M, Ram A, Ghosh B. Luteolin alleviates bronchoconstriction and airway
hyperreactivity in ovalbumin sensitized mice. Inflamm Res. 2003;52(3):101–6.
Kritas SK, Saggini A, Varvara G, Murmura G, Caraffa A, Antinolfi P,
Toniato E, Pantalone A, Neri G, Frydas S et al. Luteolin inhibits mast
cell-mediated allergic inflammation. J Biol Regul Homeost Agents.
2013;27(4):955–9.
Tang SA, Zhu H, Qin N, Zhou JY, Lee E, Kong DX, Jin MH, Duan HQ.
Anti-inflammatory terpenes from flowers of Inula japonica. Planta Med.
2014;80(7):583–9.

Lee et al. BMC Complementary and Alternative Medicine (2016) 16:169

Page 10 of 10

29. Chen X, Tang SA, Lee E, Qiu Y, Wang R, Quan Duan H, Dan S, Jin M, Kong
D. IVSE, isolated from Inula japonica, suppresses LPS-induced NO
production via NF-kappaB and MAPK inactivation in RAW264.7 cells. Life Sci.
2015;124:8–15.
30. Yu PJ, Ci W, Wang GF, Zhang JY, Wu SY, Xu W, Jin H, Zhu ZG, Zhang JJ,
Pang JX et al. Praeruptorin A inhibits lipopolysaccharide-induced
inflammatory response in murine macrophages through inhibition of
NF-kappaB pathway activation. Phytother Res. 2011;25(4):550–6.
31. Xiong Y, Wang J, Wu F, Li J, Zhou L, Kong L. Effects of (+/−)-praeruptorin A
on airway inflammation, airway hyperresponsiveness and NF-kappaB
signaling pathway in a mouse model of allergic airway disease. Eur J
Pharmacol. 2012;683(1–3):316–24.
32. Xiong YY, Wang JS, Wu FH, Li J, Kong LY. The effects of (+/−)-Praeruptorin A
on airway inflammation, remodeling and transforming growth factor-beta1/
Smad signaling pathway in a murine model of allergic asthma. Int
Immunopharmacol. 2012;14(4):392–400.
33. Peters RR, Saleh TF, Lora M, Patry C, de Brum-Fernandes AJ, Farias MR,
Ribeiro-do-Valle RM. Anti-inflammatory effects of the products from
Wilbrandia ebracteata on carrageenan-induced pleurisy in mice. Life Sci.
1999;64(26):2429–37.
34. Recio MC, Prieto M, Bonucelli M, Orsi C, Manez S, Giner RM, Cerda-Nicolas
M, Rios JL. Anti-inflammatory activity of two cucurbitacins isolated from
Cayaponia tayuya roots. Planta Med. 2004;70(5):414–20.
35. Jung HW, Mahesh R, Lee JG, Lee SH, Kim YS, Park YK. Pinoresinol from the
fruits of Forsythia koreana inhibits inflammatory responses in LPS-activated
microglia. Neurosci Lett. 2010;480(3):215–20.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

