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Pterocarpus indicus Willd has been widely used as
a traditional medicine to treat edema, cancer, and
hyperlipidemia, but its antiallergic properties and
underlying mechanisms have not yet been studied.
The purpose of this study was to evaluate the antial-
lergic activity of Pterocarpus indicus Willd water
extract (PIW) using activated mast cells and an ato-
pic dermatitis (AD)-like mouse model. PIW
decreased IgE/Ag-induced mast cell degranulation
and the phosphorylation of Syk and downstream
signaling molecules such as PLC-γ, Akt, Erk 1/2,
JNK compared to stimulated mast cells. In DNCB-
induced AD-like mice, PIW reduced IgE level in
serum, as well as AD-associated scratching behavior
and skin severity score. These results indicate that
PIW inhibits the allergic response by reducing mast
cell activation and may have clinical potential as an
antiallergic agent for disorders such as AD.

Key words: Pterocarpus indicus Willd water extract;
atopic dermatitis; mast cell

Mast cells play a pivotal role in allergic and inflam-
matory disorders, including anaphylaxis, asthma, and
atopic dermatitis (AD), by undergoing rapid degranula-
tion and releasing inflammatory cytokines.1,2) Mast
cells express a high-affinity receptor for immunoglobu-
lin E (IgE), which is generated by differentiated plasma
B cells.3,4) Stimulation of mast cells through cross-link-
ing of IgE-bound Fc epsilon receptor 1 (FcεRI) with
antigen (Ag) leads not only to the activation of Src
family tyrosine kinases, including Lyn,5,6) but also to
elevated intracellular levels of reactive oxygen species

(ROS) that regulate degranulation and cytokine produc-
tion.7) Activated Lyn then phosphorylates immunore-
ceptor tyrosine-based activation motifs (ITAMs) of
both β and γ subunits of adjacent FcεRI, and the phos-
phorylated β- and γ-ITAMs recruit Lyn and spleen tyro-
sine kinase (Syk), respectively.6,8) Recruitment and
activation of Syk by phosphorylated ITAM result in
activation of downstream signaling pathways that lead
to degranulation and release of histamines, leukotrienes,
and other preformed chemical mediators.8) In addition,
Syk is a critical signaling molecule that activates many
downstream signaling molecules such as phospholipase
C-gamma (PLC-γ) and Akt. PLC-γ regulates classical
protein kinase C activation through diacylglycerol gen-
eration and calcium responses, and the phosphatidyli-
nositol-3-kinases-Akt pathway is a signal transduction
pathway that promotes survival and growth in response
to extracellular signals.9) Further, 3 major subfamilies
of mitogen-activated protein kinases (MAPKs), extra-
cellular-signal-regulated kinases (Erks), c-Jun NH2-ter-
minal kinases, and p38, are activated upon FcεRI
cross-linking and under the control of Syk.10) As a
result, multiple cytokines are newly synthesized and
released, triggering allergic inflammation.11)

AD is a chronic and allergic inflammatory skin dis-
ease caused by a complex correlation among genetic,
environmental, and skin barrier dysfunction fac-
tors.12,13) AD is associated with the classic features of
allergic T helper (Th) 2 cell-mediated disease, which is
characterized by mast cell activation, abnormal IgE
production, and upregulation of Th2 and Th1 cytokines
in chronically affected skin tissue.14,15) Itching is a sig-
nificant problem in AD patients because scratching
exacerbates dermatitis.16,17) In fact, reduction of
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itching-associated scratching is the most effective thera-
peutic strategy for improving the quality of life for
patients with AD.

Pterocarpus indicus Willd is an excellent source of
timber in southern Asia and has also been reported
to have antitumor and antibacterial activity.18) How-
ever, the antiallergic properties of Pterocarpus indicus
Willd water extract (PIW) and its intrinsic mecha-
nisms have not yet been studied. Thus, in the present
study, we investigated the effect of PIW on allergic
responses in IgE/Ag-induced mast cells, an anaphy-
lactic mouse model, and a DNCB-induced AD-like
mouse model. Our results indicate that PIW may be
a good candidate agent for the prevention and treat-
ment of allergic diseases through inhibition of mast
cell activation.

Materials and methods
Preparation of PIW. P. indicus Willd was culti-

vated and harvested in Eumseong (GPS: E 128° 62′ N
36° 56′) according to good agricultural practices pre-
scribed by the Korea Rural Development Administra-
tion. For sample preparation, the dried PIW was
extracted 3 times with 2 L of water for 1 day. The
resulting extracts were filtered through Whatman No. 1
paper (GE Healthcare, Buckinghamshire, UK), com-
bined, and concentrated using a rotary evaporator
(EYELA, Tokyo, Japan) at 40 °C. The obtained dried
extracts were lyophilized and then powdered. Finally,
the obtained PIW was dissolved in distilled water. And
then, the dissolved PIW was added to minimal essential
medium (MEM: WelGENE, Inc., Daegu, Korea) for
using the experiments.

Cell culture. The RBL-2H3 mast cell line was pur-
chased from American Type Culture Collection (ATCC,
Rockville, MD, USA). Cells were grown in MEM con-
taining 10% (v/v) fetal bovine serum (FBS) and 100
units/mL penicillin–streptomycin (Lonza Walkersville,
Inc., Walkersville, MD, USA) at 37 °C in a humidified
5% CO2 atmosphere.

Animals. Six-week-old male ICR mice were pur-
chased from Orient Bio (Gangneung, Korea) and
housed in wire cages at 20−22 °C with a relative
humidity of 40−50%. All animals were given ad libitum
access to standard laboratory chow and water. The
Institutional Animal Care and Use Committee (IACUC)
at Yonsei University (Wonju, Korea) approved the pro-
tocol for this study.

Cell viability assay. RBL-2H3 cells (2 × 104 cells/
well) were incubated overnight in 96-well plates and
then treated with PIW at various concentrations (10,
25, 50, or 100 μg/mL) for 24 h. Cell viability was
determined with the Ez-Cytox kit (Daeil Lab, Seoul,
Korea) by measuring the absorbance at 450 nm using a
microplate reader (Molecular Devices, Sunnyvale, CA,
USA).

RBL-2H3 cell stimulation & β-hexosaminidase
release assay. RBL-2H3 cells (4 × 105 cells/mL)
were primed overnight and sensitized with DNP-speci-
fic IgE (400 ng/mL). IgE-sensitized RBL-2H3 cells
were washed twice with PIPES buffer (25 mM PIPES,
pH 7.2, 110 mM NaCl, 4 mM KCl, 0.4 mM MgCl,
40 mM HCl, 5.6 mM glucose, 1 mM CaCl2, and 0.1%
BSA) and treated for 30 min at 37 °C with PIW in
PIPES buffer at the indicated concentrations. The cells
were subsequently stimulated with DNP-BSA (dinitro-
phenyl-conjugated bovine serum albumin, 50 ng/mL) at
37 °C for 15 min and chilled on ice to stop the stimula-
tion. Supernatant from IgE-Ag-stimulated cells in
PIPES buffer was transferred to 96-well plates and
mixed with β-hexosaminidase substrate (P-nitrophenyl-
N-acetyl-β-D-glucosaminide) in 0.1 M citrate buffer
(pH 4.5) and incubated at 37 °C for 1 h. The reaction
was terminated via the addition of 0.1 M carbonate
buffer (pH 10.5), and the absorbance was measured at
405 nm using a microplate reader.

Passive cutaneous anaphylaxis. DNP-specific IgE
antibody (0.5 μg) was injected intradermally into one
ear each of 7-week-old ICR mice. After 24 h, the mice
were orally challenged with PIW. One hour later,
200 μg of DNP-BSA containing 3% Evans blue was
intravenously injected. Two hours after the Ag chal-
lenge, the mice were euthanized, and the stimulated ear
was excised to measure the amount of dye that had
extravasated in response to the Ag. The dye was
extracted from the ear in 500 μL of formamide at
63 °C overnight and quantified by measuring dye
absorbance at 620 nm using a microplate reader.

DPPH assay & measurement of intracellular ROS.
Free radical scavenging activity was measured by
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. PIW was
added to an ethanolic solution (100 mL) of DPPH radi-
cals (final concentration of DPPH was 0.2 mM), and
the mixture was shaken and left to stand at room tem-
perature for 30 min. Finally, the absorbance of the
resulting solution was measured at 517 nm using a
microplate reader. The level of intracellular ROS was
assessed by fluorescence with DCF-DA (2,7-dichlo-
rofluorescein diacetate) according to the method of Lee
et al. with some modifications.19) RBL-2H3 cells
(4 × 105 cells/mL) were primed overnight and sensi-
tized with DNP-specific IgE (400 ng/mL). After 12 h,
PIW was added at various concentrations (10, 25, 50,
or 100 μg/mL). Then, RBL-2H3 cells were incubated
with 10 μM DCF-DA (2,7-dichlorofluorescein diac-
etate, dissolved in DMSO) for 30 min at 37 °C. Next,
the RBL-2H3 cells were stimulated with DNP-BSA
(50 ng/mL) and fixed in 4% formaldehyde for 10 min.
Finally, images of intracellular ROS production were
acquired with a fluorescence microscope.

Protein extraction and Western blot analysis.
RBL-2H3 cells were harvested and lysed with RIPA
buffer containing 2 mM EDTA, 137 mM NaCl, 20 mM
Tris-HCl (pH 8.0), 1 mM sodium vanadate, 10 mM
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NaF, 1 mM PMSF, 1% Triton X-100, 10% glycerol,
and a protease inhibitor cocktail. The protein concentra-
tion of each sample was determined using the Bradford
assay kit (Bio-Rad, CA, USA) according to the manu-
facturer’s instructions. The whole lysates were analyzed
using sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) on 10–15% polyacrylamide
gels. The proteins were transferred to PVDF mem-
branes (Bio-Rad, Hercules, CA, USA). The membranes
were blocked overnight at 4 °C in Tris-buffered saline
containing 0.1% Tween-20 (TBS-T) and 5% skimmed
milk powder and then incubated with each primary
antibody. Antibodies against Syk, phospho-Syk, phos-
pho-p44/42 MAP kinase (Thr 202/Tyr 204), p44/42
MAP kinase, Akt, and phospho-Akt were obtained
from Cell Signaling (Beverly, MA, USA). Blots were
washed with TBS-T and incubated with secondary anti-
body conjugated with horseradish peroxidase. Proteins
were detected using an enhanced chemiluminescence
detection reagent for immunoblot analysis (GE Health-
care, Buckinghamshire, UK).

RNA preparation and real-time PCR. Total RNA
was isolated using Tri reagent (Sigma–Aldrich, St,
Louis, MO, USA) according to the manufacturer’s
instructions. The concentration of total RNA was deter-
mined using a spectrophotometer (GE Healthcare,
Buckinghamshire, UK). Total RNA was used as a tem-
plate for cDNA synthesis, which was performed using a
cDNA synthesis kit (Takara Bio, Shiga, Japan). Real-
time PCR analysis was carried out using SYBR Green I
and a Lightcycler ® 96 instrument (Roche, Basel,
Switzerland). The following primers were used: mouse
IL-4 (interleukin 4) sense 5′-GGTCTCAACCCCCAGC-
TAGT-3′; IL-4 antisense 5′-GCCGATGATCTCTCT-
CAAGTGA-3′; mouse IL-13 (interleukin 13) sense
5′-CCTGGCTCTTGCTTGCCTT-3′; IL-13 antisense
5′-GGTCTTGTGTGATGTTGCTCA-3′; mouse TNF-α
sense 5′-CTGTAGCCCACGTCGTAGC-3′; TNF-α anti-
sense 5′-TTGAGATCCATGCCGTTG-3′; mouse β-actin
sense 5′-ATGCCATCCTGCGTCTGGACCTGGC-3′;
and β-actin antisense 5′-AGCATTTGCGGTGCAC-
GATGGAGGG-3′. Reactions were carried out for 35
cycles of denaturation, annealing, and extension at
94 °C for 60 s, 49 °C for 45 s, and 72 °C for 45 s,
respectively.

AD-like mouse model. ICR mice were divided into
3 groups (normal, untreated DNCB-induced, and PIW-
treated DNCB-induced; n = 6 per group). After com-
plete removal of dorsal hairs, 250 μL of 1% 2,4-dini-
trochlorobenzene (DNCB) solution (dissolved in a 3:1
mixture of acetone and olive oil) was applied to a
7.5 cm2 area of dorsal skin on the first day and sensiti-
zation occurred for 4 days. After sensitization, the
7.5 cm2 area of dorsal skin was challenged with
200 μL of 0.5% DNCB solution every 2 days for
2 weeks. As indicated, 200 μL of 10 mg/mL PIW was
applied to the DNCB-induced dorsal skin of the mice a
total of 6 times during the 2-week treatment period.
After 18 days from the first application of DNCB, ani-
mals were sacrificed.

Evaluation of skin dermatitis severity & scratching
behavior. After treatment with PIW, the severity of
dermatitis in the dorsal skin lesions was evaluated. To
ensure reliability of the skin severity test, 2 researchers
who were unaware of the treatment group performed a
blinded examination, and the findings were double-
checked. The evaluated symptoms of (1) erythema, (2)
pruritus and dry skin, (3) edema and excoriation, (4)
erosion, and (5) lichenification were scored as follows:
none = 0; mild = 1; moderate = 2; and severe = 3. The
sum of the scores for each evaluated symptom (maxi-
mum score: 15) was taken as the skin severity score.
For evaluation of scratching behavior, we videotaped
the behavior patterns of the mice after the initial sensi-
tization for 60 min every 2 days over 2 weeks. The
recorded behavior was then reviewed, and the number
of scratching episodes was counted and multiplied by
6. Two researchers who were blinded to the group
assignments evaluated the video, and the data were
double-checked. Scratching of the rostral back and bit-
ing of the caudal back were recorded. Licking of the
belly and dorsal skin during grooming was disregarded.

Histopathological assay & measurement of IgE con-
tent in serum. The dorsal skin was isolated from
each mouse, fixed in a 4% paraformaldehyde solution,
and stabilized in a 30% sucrose solution. The fixed
skin tissue was subsequently embedded in Tissue-Tek
O.C.T Compound (Sakura Finetek USA, Inc., Torrance,
CA, USA), sectioned, and stained with hematoxylin
and eosin. Histological analysis was performed by light
microscopy. Dorsal skin thickness was measured with a
micrometer (NIKON ECLIPSE TE2000-U, ACT-1 for
DXM 1200, Japan). For measurement of IgE content in
serum, IgE level in serum was measured using a mouse
IgE kit (BioLegend, San Diego, CA, USA) according
to the manufacturer’s instructions. IgE concentrations
were calculated using a linear regression equation
obtained from standard absorbance values, and the
absorbance of the resulting solution was measured at
450 nm using a microplate reader.

Statistical analysis. Experimental results are
expressed as the mean ± standard deviation. One-way
or two-way analysis of variance was used for multiple
comparisons, followed by Tukey–Kramer post hoc
analysis. SPSS statistical software Version 21.0 (SPSS,
Chicago, IL, USA) was used for statistical analysis. We
considered P values <0.05, <0.01, and <0.001 to be
statistically significant.

Results
PIW decreases IgE/Ag-induced RBL-2H3 cell

degranulation
β-Hexosaminidase, a granule-associated exoglycosi-

dase, has been used as a hallmark of mast cell
degranulation as an alternative to histamine. We mea-
sured β-hexosaminidase released by IgE/Ag-induced
RBL-2H3 cell degranulation. IgE/Ag treatment
increased β-hexosaminidase release eightfold compared
to non-treatment. However, PIW at 100 μg/mL inhib-
ited IgE/Ag-induced β-hexosaminidase release in a
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dose-dependent manner, with 80% effective inhibition
compared to no PIW. To determine whether PIW has a
cytotoxic effect against mast cells, RBL-2H3 cells were
incubated with PIW for 24 h, and cell viability was deter-
mined with an Ez-Cytox kit. No significant cytotoxicity
was detected in cells treated with 10–100 μg/mL PIW
(Fig. 1(A)).

PIW suppresses IgE/Ag-induced passive cutaneous
anaphylaxis

Mast cells play prominent roles in allergic response
and anaphylaxis.1) The passive cutaneous anaphylaxis
(PCA) animal model is widely used to evaluate the
local allergic reaction in vivo. We induced a PCA reac-
tion by local sensitization with IgE in the mouse ear
and then injected Ag intravenously along with Evans
blue dye. The extravasated intensity of blue dye
decreased 80% in the PIW treatment group (100 mg/kg)
compared with the PIW-untreated group (Fig. 2(A) and
(B)). In addition, PIW (100 mg/kg) suppressed the ana-

phylaxis as effectively as antihistamines such as
diphenylhydramine (DPH, 50 mg/kg).

PIW decreases IgE/Ag-induced production of
intracellular ROS
Intracellular ROS production is induced by IgE/Ag-

mediated activation of FcεRI.20,21) Thus, we measured
the free radical scavenging activity of PIW at various
concentrations (10, 25, 50, and 100 μg/mL). PIW dra-
matically scavenged the free radical of DPPH
(Fig. 3(A)) and decreased the expression of DCF fluo-
rescence compared with IgE/Ag-induced activation of
mast cells (Fig. 3(B)).

PIW inhibits IgE/Ag-induced phosphorylation of Syk,
PLC-γ, Akt, Erk, and JNK
To identify the signaling pathways involved in PIW-

induced inhibition of RBL-2H3 cell degranulation, we
measured the phosphorylation status of various signal-
ing molecules. PIW downregulated the phosphorylation
of Erk, Akt, JNK, and PLC-γ. Phosphorylation of Syk,
an early signaling molecule, was suppressed 75% in
PIW-treated IgE/Ag-induced cells compared with
untreated IgE/Ag-induced RBL-2H3 cells, and phos-
phorylation of PLC-γ, which cleaves phospholipids,
decreased 78% compared to untreated IgE/Ag-induced
cells. The phosphorylation of Akt, another molecule
downstream of Syk, was strongly suppressed by 80%
in PIW-treated IgE/Ag-induced cells compared with

Fig. 1. Effects of PIW on IgE/Ag-induced RBL-2H3 cell viability
and degranulation.
Notes: (A) Cytotoxicity. RBL-2H3 cells were incubated overnight

in 96-well plates and treated with PIW at various concentrations (10,
25, 50, and 100 μg/mL) for 24 h. Cell viability was determined with
the Ez-Cytox kit by measuring the absorbance at 450 nm. (B) Beta
hexosaminidase release. RBL-2H3 cells were incubated overnight in
24-well plates with 400 ng/mL DNP-specific IgE. The medium was
replaced with PIPES buffer containing the indicated concentration of
PIW, and the cells were challenged with 50 ng/mL DNP-BSA. After
15 min, β-hexosaminidase release was determined from the absor-
bance measured at 405 nm. Data are expressed as mean ± SD (n = 3).
**p < 0.01.

(A) IgE/Ag

PIW (mg/kg)

DPH (mg/kg)

- + + + +

0 0 50 100 0

0 0 0 0 500 0 0 0 50

(B)

Fig. 2. Effect of PIW on IgE/Ag-induced passive cutaneous
anaphylaxis.
Notes: Seven-week-old ICR mice were injected intradermally with

DNP-IgE (0.5 μg) into the ear; after 24 h, ICR mice were intra-
venously injected with 200 μg DNP-BSA containing 3% Evans blue.
PIW (50 or 100 mg/kg) or DPH (50 mg/kg) was orally administered
1 h before DNP-BSA, as indicated. (A) Representative photographs
of the ears. (B) The dye was extracted overnight in 500 μL of for-
mamide at 63 °C, and light absorbance was measured at 620 nm.
Data are expressed as mean ± SD (n = 6). **p < 0.01.
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untreated IgE/Ag-induced cells. In addition, phosphory-
lation of Erk and JNK, major subfamilies of MAPKs,
were suppressed 60 and 77%, respectively, by PIW
treatment (Fig. 4).

PIW reduces IgE/Ag-induced IL-4 and IL-13 mRNA
expression in RBL-2H3 cells

Proinflammatory cytokines such as IL-4 and IL-13
are instrumental effectors in the allergic response by
inducing IgE production in B cells and T-cell differenti-
ation.22) Accordingly, we investigated the effects of
PIW on the expression of IL-4 and IL-13 mRNA in
IgE/Ag-induced RBL-2H3 cells. PIW significantly
decreased expression of IL-4 and IL-13 mRNA in a
dose-dependent manner (Fig. 5(A) and (B)).

PIW improves the condition of DNCB-induced skin
& attenuates AD symptoms in AD-like ICR mice
Repeated application of DNCB in mice induced der-

matitis symptoms of dryness, erythema, pruritus,
edema, excoriation, erosion, and lichenification. Addi-
tion of PIW caused the skin to resemble that not treated
with DNCB (Fig. 6(A)). To quantify the response, we
calculated a dermatitis severity score every other day
for 18 days. Repeated topical application of DNCB
increased clinical severity scores in ICR mice, whereas
the application of PIW suppressed AD symptoms
(Fig. 6(B)). Itching is a significant problem in AD
patients because scratching aggravates dermatitis.17)

DNCB application substantially increased the frequency
of scratching behavior, whereas PIW treatment signifi-
cantly suppressed DNCB-induced scratching behavior

(A) (B) - + + +
0 0 50 100

IgE/Ag
PIW (µg/mL)

DCF-DA

DAPI

MERGE

Fig. 3. Effect of PIW on IgE/Ag-induced production of intracellular ROS.
Notes: (A) Scavenging of PIW according to DPPH assay. Cells were treated with PIW (10, 25, 50, 100 μg/mL), ethanol, and DPPH solution in

96-well plates and then incubated for 30 min without light. Optical density was determined at 517 nm. (B) Measurement of intracellular ROS.
RBL-2H3 cells were incubated overnight in 6-well plates with 400 ng/mL DNP-specific IgE. The medium was replaced with the indicated concen-
tration of PIW, and the cells were incubated with 10 μM DCF-DA at 37 °C for 30 min. The cells were then challenged with 50 ng/mL DNP-BSA.
Representative images from a fluorescence microscope are shown. Data are expressed as mean ± SD (n = 3).

p-Syk

IgE/Ag

PIW (µg/mL)

Syk

p-PLC-γγ

PLC-γ

p-Akt

Akt

p-Erk

Erk

p-JNK

JNK

- + + + + +

0 0 10 25 50 100

(A)

(B)

Fig. 4. Effect of PIW on IgE/Ag-induced phosphorylation of Syk, PLC-γ, Akt, Erk, and JNK.
Notes: RBL-2H3 cells were incubated and sensitized with 400 ng/mL DNP-specific IgE for 12 h and then treated with PIW at the indicated con-

centration. (A) Western blot analysis. Representative data of Western blot analyses for PLC-γ, Akt, Erk, and JNK. (B) Densitometric analysis of
the expression of phosphorylated proteins. Data are expressed as mean ± SD (n = 3). *p < 0.05, **p < 0.01, and ***p < 0.001.
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after 4 applications (Fig. 6(C)). Dermal infiltration with
eosinophils and mononuclear cells was noted as a clini-
cal AD symptom. Histological examination of AD-like
ICR mice also showed that PIW reduced the thickening
of the dorsal skin and attenuated the severity of AD
(Fig. 6(D)).

PIW downregulates serum IgE level in AD-like ICR
mice

Mast cells are known as key effector cells in IgE-
mediated allergic disorders. Increased IgE level in
serum is an important component of AD. When ICR
mice were treated with DNCB, IgE level in serum
increased about 2.4-fold compared to mice not treated
with DNCB. However, administration of PIW reduced
serum IgE level by 33% compared with increases
mediated by DNCB (Fig. 6(E)).

PIW decreases IgE/Ag-induced IL-4, IL-13, and
TNF-α mRNA expression in vivo

Cytokines such as IL-4 and IL-13 are known to
induce overproduction of IgE. Further, tumor necrosis
factor alpha (TNF-α), a pro-inflammatory cytokine,
affects epidermal morphogenesis and barrier func-
tion.23) mRNA expression of inflammatory mediator

cytokines such as IL-4, IL-13, and TNF-α increased in
DNCB-induced AD-like mice, and PIW significantly
suppressed 50, 86, and 77%, respectively, of the
expression of each compared with DNCB treatment
alone (Fig. 7(A)–(C)).

Discussion

Mast cells play a critical role in allergic and inflam-
matory disorders, including anaphylaxis shock, asthma,
and AD, by degranulating and releasing inflammatory
cytokines. In particular, activated mast cells release var-
ious vasoactive amines such as histamine, neukotriene,
and serotonin, among others.8) We evaluated the inhibi-
tory effect of PIW on IgE/Ag-induced allergic activa-
tion in a DNCB-induced AD-like mouse model. IgE/
Ag-induced allergic activation was also investigated in
stimulated mast cells and an anaphylactic mouse
model. To determine the effect of PIW on IgE/Ag-stim-
ulated RBL-2H3 mast cells, we first confirmed that
PIW had no cytotoxic effect on RBL-2H3 cells
(Fig. 1(A)). Mast cells release mediators such as his-
tamine, leukotrienes, and β-hexosaminidase through
Ag-stimulated degranulation.8) PIW effectively
decreased the release of β-hexosaminidase (Fig. 1(B)).
In addition, the binding of Ag and IgE leads to FcεRI
cross-linking, which activates Lyn and Syk.6) Syk is a
critical signaling molecule that activates many down-
stream signaling molecules such as Erk and Akt.8,9) In
previous report, Suzuki et al. reported that FcεRI sig-
naling of mast cells activated intracellular production
of hydrogen peroxide and the production of ROS was
decreased by Syk inhibitor.20) In our study, the PIW
was effective to be scavenging of free radical and inhi-
bition of intracellular ROS (Fig. 3). Also, phosphoryla-
tion of Syk, an early signaling molecule, was
suppressed in PIW-treated IgE/Ag-induced cells com-
pared with untreated IgE/Ag-induced RBL-2H3 cells,
and the PIW suppressed the phosphorylation of down-
stream signal molecules of Syk such as PLC-γ, Erk,
JNK, and Akt in IgE/Ag-induced activation of RBL-
2H3 cells (Fig. 4). These results including ours suggest
that PIW may have a decrease in the ROS through
inhibition of Syk signal molecule as well as a decrease
in ROS level through antioxidant activity, partially.
IgE/Ag-induced activation of mast cell signaling

molecules induces the synthesis and release of pro-in-
flammatory cytokines such as IL-4, IL-13, and TNF-α.
Real-time RT-PCR analysis revealed that PIW inhibited
the expression of IL-4 and IL-13 mRNA (Fig. 5). Clini-
cally, it is well known that mast cells are principle
actors in the acute phase of IgE-associated allergic dis-
orders.24,25) The PCA animal model is widely used to
evaluate antiallergic effects in mice, and we found that
PIW significantly reduced anaphylactic shock in this
mouse model (Fig. 2(A) and (B)).26)

Activated mast cells release a variety of active sub-
stances that play critical roles in allergic reactions such
as those of AD.4) We first confirmed that PIW effec-
tively inhibited the allergic activation of mast cells and
investigated the effect of PIW on a DNCB-induced
AD-like mouse model. We separated the animals into
control, AD-like model, and PIW treatment groups.

Fig. 5. Effect of PIW on IgE/Ag-induced expression of IL-4 and IL-
13 mRNA.
Notes: RBL-2H3 cells were incubated and sensitized with 400 ng/

mL DNP-specific IgE for 12 h and then treated with PIW for 30 min
at the indicated concentration. DNP-BSA (50 ng/mL) was applied to
IgE-sensitized RBL-2H3 cells for 1 h. Total RNA was isolated, and
real-time PCR analysis was performed to detect IL-4 and IL-13
mRNA expression. Data are expressed as mean ± SD (n = 3).
**p < 0.01.
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Repeated application of DNCB increased clinical sever-
ity score and thickness of the dorsal skin in ICR mice,
but the application of PIW attenuated the infiltration of
inflammatory cells and clinical AD severity score
(Fig. 6(A), (B), and (D)). In addition, application of
DNCB increased the frequency of scratching behavior,
whereas treatment with PIW reduced scratching behav-
ior (Fig. 6(C)). IgE expression is known to cause acute
and chronic phase skin inflammation, and an increase
in total serum IgE is a hallmark of AD.27) Of note,
serum IgE concentrations were significantly lower in
PIW-treated mice compared with untreated AD-like
mice (Fig. 6(E)). PIW also considerably suppressed the
expression of IL-4, IL-13, and TNF-α mRNA in a

dose-dependent manner (Fig. 7). Recently, Hon et al.
reported that the skin infection of bacteria induced the
AD by breaking down the skin barrier.28) Also, PIW
has been known as effective in various antibacterial
activities.18) These results including ours suggest that
PIW may have prevention of AD such as breaking
down of the skin barrier through inhibition of the skin
infection, partially.
In summary, this study is the first to demonstrate

PIW suppression of IgE/Ag-stimulated degranulation
and cytokine production in mast cells by blocking the
phosphorylation of Syk and associated downstream sig-
naling (Fig. 8) in a PCA mouse model. Also, PIW
attenuated DNCB-induced AD symptoms in mice.

PIW (mg/mL) 

DNCB - + +

0 0 10

(A) (B) (C)

PIW (mg/mL) 

DNCB - + +

0 0 10

(D) (E)

Fig. 6. Effect of PIW on DNCB-induced AD-like ICR mice.
Notes: During induction of atopic dermatitis, 10 mg/mL PIW was applied to the dorsal skin of mice a total of 6 times over the course of

2 weeks. (A) Effect of PIW on DNCB-induced AD-like skin lesions in ICR mice. After inducing AD, a 10 mg/mL PIW solution (dissolved in a
3:1 mixture of acetone and olive oil) was applied to the dorsal skin of mice, a total of 6 times over a 2-week period. The mice were then sacri-
ficed, and the dorsal hair of each mouse was shaved. (B) Skin severity score. Skin severity was assessed macroscopically in a blinded fashion. The
development of AD-like skin dermatitis was scored as 0 (none), 1 (mild), 2 (moderate), or 3 (severe). The sum of the individual scores was defined
as the dermatitis score. (C) Scratching frequency. The scratching behavior of each mouse was videotaped for 60 min every 2 days after sensitiza-
tion. Biting of the dorsal skin and scratching with hind paws were observed during playback. (D) Histological analysis. Dorsal skin of AD-like
ICR mice was isolated, sectioned, and stained with hematoxylin and eosin. Histological analysis was performed by light microscopy at 40× and
100× magnification. (E) IgE level in serum. Serum was collected immediately before sacrifice, and IgE levels were measured by sandwich ELISA
using a mouse IgE kit according to the manufacturer’s instructions. Data are expressed as mean ± SD (n = 6). **p < 0.01.

Fig. 7. Effect of PIW on DNCB-induced cytokine levels in skin lesions in AD-like ICR mice.
Notes: Total RNA was extracted from dorsal skin tissue, and mRNA levels of TNF-α, IL-4, and IL-13 were determined by real-time PCR. Data

are expressed as mean ± SD (n = 6). **p < 0.01.
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Accordingly, PIW shows promise as a new candidate
therapeutic agent for mast cell-mediated allergic dis-
eases, including AD.
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