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Mast cells are the principal effector cells involved in
the allergic response, through the release of histamine.
We investigated the effect of eriodictyol, derived from
the painted maple and yerba santa, on mast cell
degranulation and on an allergic response in an animal
model. We also investigated its effect on the expression
of the ceramide kinase (CERK) involved in calcium-
dependent degranulation, and on ceramide activation by
multiple cytokines. Eriodictyol suppressed the release of
beta-hexosaminidase, a marker of degranulation, and
the expression of interleukin (IL)-4 mRNA. It inhibited
the expression of CERK mRNA, reduced the ceramide
concentration in antigen-stimulated mast cells, and sup-
pressed the passive cutaneous anaphylaxis (PCA) reac-
tion in mice in a dose-dependent manner. These results
suggest that eriodictyol can inhibit mast cell degranu-
lation through inhibition of ceramide kinase, and that it
might potentially serve as an anti-allergic agent.
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Mast cells play important roles in immediate hyper-
sensitivity reactions and allergic conditions that are
associated with immunoglobulin E (IgE). They express
the high affinity IgE receptor (Fc"RI) on cell surfaces
and are activated by aggregation of Fc"RI when antigen
binds the receptor-IgE complex.1,2) Activated mast cells
release various preformed mediators, including hista-
mine and proteases, from cytoplasmic granules in the
process of degranulation.3–5) Degranulation occurs when
antigen binding activates an Fc"RI-associated protein
kinase,6,7) and the associated signaling cascade increases
the intracellular Ca2þ level.8,9) Thus control of degra-
nulation and the allergic response might be achieved
through control of a protein tyrosine kinase.

Intracellular Ca2þ is a key factor in the control of
mast-cell degranulation. Ceramide kinase (CERK),
which phosphorylates ceramide to ceramide 1-phosphate
(C1P), is activated in a Ca2þ-dependent manner, and
CERK modulates Ca2þ-dependent degranulation.10,11)

Ceramide, a sphingolipid, is a pro-apoptotic factor
activated by various cytokines, including tumor necrosis
factor-alpha (TNF-�), IL-1�, and IL-6. C1P is involved
in cell proliferation and the inflammatory response,12,13)

in part by activating the arachidonic acid cascade to
synthesize prostaglandins and leukotrienes.10,13) It is

thus plausible that inhibition of Ca2þ-dependent CERK
activation alleviates allergic response.
Eriodictyol is a unique constituent of the painted

maple and yerba santa. Pharmacological activities
attributed to eriodictyol include the control of blood
vessel permeability in arthralgia and fracture, and
antioxidant and antimicrobial effects,14,15) but its anti-
allergenic activity has not been evaluated.
We investigated the anti-allergenic activity of erio-

dictyol in an animal model and in a mast cell line. Our
study focused on the roles of sphingolipids such as
ceramide, and on CERK, which activates ceramide,
rather than on the protein tyrosine kinase activities
involved in inflammation. We found that eriodictyol
suppressed the CERK-mediated activation of ceramide,
which in turn mediates Ca2þ-dependent degranulation.
Importantly, it inhibited degranulation and the release of
inflammatory cytokines in mast cells and inhibited
anaphylactic shock in an animal model. These findings
justify further testing of eriodictyol as a potential anti-
allergenic agent.

Materials and Methods

Reagents. Eriodictyol was purchased from Elcom Science (Seoul,

Korea); mouse monoclonal anti-DNP IgE antibody, dinitriphenol-

conjugated human serum albumin (DNP-HSA), and Evans blue from

Sigma-Aldrich (St. Louis, MO); N-oleoyl-D-erythro-sphingosine (C17

base) from Avanti Polar Lipids (Alabaster, AL); and p-nitrophenyl-N-

acetyl-�-D-glucosaminide from MP Biomedicals (Solon, OH).

Cell culture. The rat mast cell line RBL-2H3 was purchased from

the American Type Culture Collection (ATCC, Rockville, MD). The

cells were grown in Eagle’s minimal essential medium (WelGENE,

Daegu, Korea) containing 10% (v/v) fetal bovine serum and 100 units/

mL of penicillin-streptomycin (Lonza Walkersville, Walkersville, MD)

at 37 �C in a humidified 5% CO2 atmosphere. The cells were detached

with trypsin-EDTA solution, washed with phosphate-buffered saline

(PBS, pH 7.2), and resuspended in fresh medium for use in subsequent

experiments.

Animals. Male BALB/C mice (aged 7 weeks) were purchased from

Orient Bio (Gangneung, Korea) and housed in wire cages at 20–22 �C

at a relative humidity of 40–50%. The animals had free access to a

commercial pellet diet purchased from Samyang (Wonju, Korea) and

drinking water. The Institutional Animal Care and Use Committee

(IACUC) of Yonsei University approved the protocol for this study.

The investigation conformed to the ‘‘Guide for the Care and Use of

Laboratory Animals’’ published by the US National Institutes of Health

(NIH Publication no. 85-23, revised 1996).
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Passive cutaneous anaphylaxis (PCA) analysis. The experimental

animals were divided into five groups: normal control (vehicle, n ¼ 5),

control (Ag stimulated group, n ¼ 5), and low (10mg/kg, n ¼ 5),

middle (30mg/kg, n ¼ 5) and high eriodictyol dose (50mg/kg,

n ¼ 5). An anti-DNP-specific IgE antibody (0.5 mg) was injected

intradermally into one ear of each mouse. After 24 h, the mice were

challenged with an intravenous injection of DNP-HSA (200 mg;
antigen, Ag) in 200 mL of PBS 3% Evans blue. One h later eriodictyol

was administered orally at a dose of 10 to 50mg/kg. At 2 h after Ag

challenge, the mice were euthanized and the treated ear was excised to

measure the amount of dye that had extravasated in response to Ag.

The dye was extracted from the ear in 500 mL of formamide at 63 �C

overnight and quantified by measuring the dye absorbance at 620 nm.

�-Hexosaminidase release assay. As a marker of degranulation, we

measured the release of �-hexosaminidase. RBL-2H3 cells were

distributed into 24-well plates (2� 105 cells/well), and were sensitized

overnight with anti-DNP-specific IgE at 200 ng/mL. The IgE-sensi-

tized cells were washed twice with PIPES buffer (25mM PIPES

pH 7.2, 110mM NaCl, 4mM KCl, 0.4mM MgCl, 40mM HCl, 5.6mM

glucose, 1mM CaCl2, and 0.1% BSA), and then treated for 30min at

37 �C with eriodictyol in PIPES buffer at the indicated concentrations.

They were then stimulated with DNP-HSA (25 ng/mL) at 37 �C for

15min and chilled on ice to put a stop to stimulation. To measure �-
hexosaminidase release, the supernatant from the Ag-stimulated cells

in PIPES buffer and �-hexosaminidase substrate (p-nitrophenyl-N-

acetyl-�-D-glucosaminide) in 0.1 M citrate buffer (pH 4.5) were mixed

in 96-well plates and this was incubated at 37 �C for 1 h. The reaction

was terminated by adding 0.1 M carbonate buffer (pH 10.5), and the

absorbance at 405 nm was measured with a microplate reader.

Cell viability assay. Cell viability was assessed with a Ez-Cytox

Enhanced Cell Viability Kit (Daeil Labservice, Seoul, Korea) follow-

ing the manufacturer’s instructions. In brief, RBL-2H3 cells

(2� 104 cells/well) were seeded into 96-well plates and incubated

overnight with 200 ng/mL of anti-DNP-specific IgE. After incubation,

the medium was replaced with serum-free medium, and the cells were

treated with graded concentrations of eriodictyol and 25 ng/mL of

DNP-HSA for 23 h. The Ez-Cytox Kit reagent was added to the

medium, and the cells were incubated at 37 �C for 1 h. Cell viability

was determined from the absorbance at 450 nm as measured with a

microplate reader.

RNA extraction and reverse transcription-polymerase chain reac-

tion (RT-PCR). RBL-2H3 cells (8� 105 cells/well) were seeded into

6-well plates and incubated overnight in a medium containing 200 ng/

mL of anti-DNP-specific IgE. They were washed twice, resuspended in

PIPES buffer, and stimulated with DNP-HSA (25 ng/mL) for 1 h with

and without eriodictyol. After incubation, they were washed twice with

ice-cold PBS. Total RNA was isolated using a TRI reagent (Sigma-

Aldrich, St. Louis, MO) following the manufacturer’s instructions. The

concentration of total RNA was determined by spectrophotometer.

Total RNA (1 mg) was used as template for cDNA synthesis and PCR

using an Accupower RT/PRC premix kit (Bioneer, Daejeon, Korea).

The following primers were used: rat IL-4 sense 50-ACCTTGCTG-

TCACCCTGTTC-30; rat IL-4 antisense 50-TTGTGAGCGTHHACT-

CATTC-30; rat TNF-� sense 50-CAAGGAGGAGAAGTTCCCAA-30;

TNF-� antisense 50-CGGACTCCGTGATGTCTAAG-30; rat CERK

sense 50-AGGAGACTTTATACGAGATCA-30; rat CERK antisense

50-GACTCGATAAACTTCAACGAA-30; beta-actin sense 50-ATGCC-

ATCCTGCGTCTGGACCTGGC-30; and beta-actin antisense 50-AGC-

ATTTGCGGTGCACGATGGAGGG-30. The denaturation, annealing,

and extension conditions and cycle numbers were as follows: for IL-4,

94 �C for 1min, 50 �C for 45 s, 72 �C for 45 s, at 35 cycles; for TNF-�,
94 �C for 1min, 49 �C for 45 s, 72 �C for 45 s, at 35 cycles; and for

CERK, 94 �C for 30 s, 52 �C for 30 s, 72 �C for 1min, at 35 cycles.

PCR products were electrophoresed in 2% agarose gel and visualized

by adding ethidium bromide. The gels were examined using a

transilluminator (Vilber Lourmat, France).

Measurement of ceramide. RBL-2H3 cells were washed twice with

PBS and harvested. The cell pellet was solubilized with 0.2N NaOH.

Total lipid was extracted with ethanol and then incubated with C17

ceramide (N-oleoyl-D-erythro-sphingosine) as internal standard for 1 h

at 37 �C. The extract was centrifuged at 12,000 rpm for 10min. The

supernatant was dried on a centrifugal vacuum concentrator. The dried

residue was dissolved in methanol, spotted on a high-performance thin-

layer chromatography silica-gel plate (Merck, Darmstadt, Germany)

and developed in isopropylether/methanol/29% NH4OH (40/10/1,

v/v/v). The plates were dipped in 10% H2SO4 and dried at 180 �C.

Then the areas in the sample lanes corresponding to the band of

ceramide standard were cut and ceramide was eluted with methanol.

The eluates were incubated for 1 h and dried in a centrifugal vacuum

concentrator. The ceramide residues were mixed with reaction buffer

(pH 7.5) containing 25mM Tris–HCl, 1% sodium cholate, and 15%

fatty acid-free BSA. These mixtures were incubated with 500mU of

sphingolipid ceramide N-deacylase (SCDase; Takara, Ohtsu, Japan)

overnight at 37 �C and dried in a centrifugal vacuum concentrator. The

resulting extracts were dissolved in methanol with OPA reagent (50mg

of OPA, 1mL of ethanol, 200 mL of �-mercaptoethanol, and 50mL of

3% boric acid, pH 10.5) and incubated for 30min for derivatization.

The isocratic mobile phase for subsequent HPLC consisted of

methanol/water/triethylamine (85:15:0.1, v/v/v) and the flow rate

was 1mL/min. An intelligent fluorescence detector was set at an

excitation wavelength of 340 nm and an emission wavelength of

455 nm.

Statistical analysis. Experimental results were expressed as

mean� SD. One-way analysis of variance (ANOVA) was followed

by Dunnett’s test for multiple comparisons. p values of <0.05 and

<0.01 were considered statistically significant, as indicated.

Results

Effect of eriodictyol on IgE/Ag-mediated passive
cutaneous anaphylaxis
The structure of eriodictyol is shown in Fig. 1. We

tested the effect of eriodictyol on the allergic response
in the passive cutaneous anaphylaxis (PCA) reaction.
The PCA animal model is widely used to evaluate
the localized mast cell-mediated allergic reaction in
vivo.6,16,17) We induced the PCA reaction by injecting
IgE locally into the mouse ear and then injecting the
antigen systemically (intravenously). As shown in
Fig. 2, eriodictyol suppressed the PCA reaction in a
dose-dependent manner.

Effect of eriodictyol on IgE/Ag-mediated degranula-
tion in mast cells
In view of the inhibitory effect of eriodictyol on the

PCA reaction, we tested its effects on mast cells. The
RBL-2H3 mast cell line was established from a rat
basophilic leukemia.17) We evaluated the release of
preformed allergic mediators using �-hexosaminidase as
a biomarker of degranulation in the mast cells and then
measured cell viability.18) First, the release of �-
hexosaminidase was measured following stimulation of
the IgE-Ag complex. Eriodictyol significantly and dose-
dependently inhibited IgE/Ag-induced �-hexosamini-
dase release (Fig. 3A). Using the Ez-Cytox kit in the
presence and the absence of Ag (25 ng/mL), we also

Fig. 1. Chemical Structure of Eriodictyol.
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found that neither induction of the IgE/Ag reaction (Ag,
25 ng/mL) nor eriodictyol at various concentrations
produced cytotoxic effects in the mast cells (Fig. 3B).

Effect of eriodictyol on cytokine expression in RBL-
2H3 cells

Proinflammatory cytokines, such as IL-4 and TNF-�
are instrumental effectors in the allergic response.19,20)

IL-4 induces IgE production in B cells and promotes the
switch from naı̈ve T cells to Th2 cells. TNF-� is a potent
inflammatory mediator secreted by mast cells in re-
sponse to IgE challenge.17,20) Accordingly, we tested the
effects of eriodictyol on the expression of IL-4 and TNF-
� in IgE/Ag-stimulated RBL-2H3 cells. As shown in
Fig. 4, it significantly inhibited IgE/Ag-induced expres-

sion of IL-4 mRNA in a dose-dependent manner. From
this, we concluded that eriodictyol inhibits IgE produc-
tion in B cells by regulating down IL-4 expression, and
that this suppresses IgE/Ag-mediated degranulation.

Effect of eriodictyol on CERK expression in RBL-2H3
cells
The release of proinflammatory mediators from mast

cells that elicits an allergic response depends on the
mobilization of Ca2þ.18–21) Cross-linking of Fc"RI leads
to Ca2þ release from the endoplasmic reticulum, which
in turn increases the cytosolic Ca2þ concentration.6,22) A
protein tyrosine kinase phosphorylation cascade can also
mobilize Ca2þ.23) Thus the availability of cytosolic Ca2þ

for mast-cell degranulation is assured.
The calcium-dependent trigger for mast-cell degra-

nulation might reside in the enzyme CERK, which
phosphorylates ceramide (a central intermediary sphin-
golipid) to C1P.10,11) The formation of C1P induces the

0 0 10 30 50
Eriodictyol

(mg/kg) 

AgA B

* *

Fig. 2. Effect of Eriodictyol on IgE/Ag-Induced Passive Cutaneous Anaphylaxis (PCA).
Eleven-week-old Balb/c mice were injected intravenously with 200mg of antigen containing 3% Evans blue 24 h after intradermal injection of

DNP-IgE (0.5mg) into an ear. Eriodictyol was administered orally 1 h before the antigen. A, Representative pictures of ears are shown. B, The
dye was extracted overnight in 500mL of formamide at 63 �C, and light absorbance was measured at 620 nm. Data are expressed as mean� SD

(n ¼ 5). �p < 0:05.
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Fig. 3. Effect of Eriodictyol on IgE/Ag-Stimulated Mast-Cell De-
granulation.
A, Cells were incubated overnight in 24-well plates with 200 ng/

mL of DNP-specific IgE. The medium was replaced with PIPES
buffer containing the indicated concentrations of eriodictyol, and the
cells were then challenged with 25 ng/mL of DNP-HAS. After
15min, �-hexosaminidase release was determined from the absorb-
ance measured at 405 nm. B, To assess cytotoxicity, RBL-2H3 cells
were incubated overnight in medium containing 200 ng/mL of DNP-
specific IgE, and then were treated with eriodictyol at various
concentrations for 24 h. Cell viability was determined with a Ez-
Cytox kit from the absorbance at 450 nm. Data are expressed as
mean� SD (n ¼ 3). �p < 0:05, ��p < 0:01.
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Fig. 4. Effects of Eriodictyol on the Expression of TNF-� and IL-4 in
IgE/Ag-Sensitized Mast Cells.

IgE/Ag-sensitized RBL-2H3 cells were treated with various doses
of eriodictyol and then challenged with 25 ng/mL of DNP-HSA for
1 h. Total RNA was isolated and analyzed by RT-PCR, which was
performed to assess IL-4, TNF-�, and �-actin expression. The data
from triplicate experiments were quantified by densitometry. Data
are expressed as mean� SD (n ¼ 3). ��p < 0:01.
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release of arachidonic acid and the synthesis of its
inflammatory metabolites, and activates MAPK in a
Ca2þ-dependent manner.10,12,13) This behavior is consis-
tent with the role of CERK as a mediator of Ca2þ-
dependent mast cell degranulation.10) Hence, in this
study we investigated CERK and the generation of C1P
in allergic response.

Mast cell stimulation with IgE/Ag for 1 h induced an
increase in CERK mRNA, as determined by RT-PCR. In
the eriodictyol-treated cells, however, the CERK mRNA
level was significantly lower than in the cells stimulated
with IgE/Ag only (Fig. 5). From this, we concluded that
eriodictyol inhibited a Ca2þ-dependent process in mast-
cell degranulation.

Effect of eriodictyol on ceramide levels in IgE/Ag-
stimulated mast cells

To explore further the inhibitory mechanism of
eriodictyol in degranulation, we measured ceramide
levels in the mast cells. Ceramide is a sphingolipid and
an effector in proinflammatory processes. In activated
mast cells, ceramide activation is amplified by the
synthesis of inflammatory cytokines such as TNF-�, IL-
1�, and IL-6, and by enhanced production of prosta-
glandins and PGE2.

12) CERK phosphorylates ceramide
to C1P, which can further stimulate arachidonic acid
release and the synthesis of PGE2 and proinflammatory
cytokines.10,11,13) These functions link ceramide and C1P
to mast-cell degranulation and the allergic response.
Accordingly, we tested the effect of eriodictyol on
ceramide levels in IgE/Ag-stimulated mast cells by
HPLC. Following exposure to an antigen, the sensitized
mast cells contained higher ceramide concentrations
than non-stimulated mast cells. Eriodictyol treatment
decreased the ceramide concentrations significantly in
the IgE/Ag-stimulated mast cells, to levels similar to
those in non-stimulated mast cells (Fig. 6). Thus the

inhibitory effect of eriodictyol on mast-cell degranula-
tion might occur primarily through inhibition of ceram-
ide metabolism.

Discussion

The debilitating effects of and reduction in quality of
life due to allergic diseases are well known.22) Steroid
medications have potent anti-allergenic action but can
also cause serious systemic side effects. Since a variety
of natural substances induce allergic reactions, it is
plausible to seek natural substances with anti-allergenic
properties for therapy. Drugs derived from natural
products are potentially effective with fewer serious
side effects than powerful synthetic drugs.
Mast cells are bone marrow-derived white blood cells

with prominent roles in allergic response and anaphy-
laxis, as well as in wound healing and pathogen defense.
Allergy and anaphylaxis begin with sensitization of mast
cells through the binding of an antigen-specific IgE to
Fc"RI receptors on the mast-cell surface. Subsequent
cross-linking of Fc"RI receptors by antigen binding to
IgE stimulates the release of proinflammatory cytokines,
including histamine and �-hexosaminidase, from storage
sites in cytoplasmic granules.1,17,24,25) Multiple protein
tyrosine kinase cascades orchestrate these events. For
example, crosslinking of Fc"RI-bound IgE by an antigen
can activate a Src-family tyrosine kinase receptor which
subsequently phosphorylates Lyn and Syk. This cascade
can recruit adapter proteins such as LAT and Gab-2 to
activate downstream effectors, releasing inflammatory
mediators.5–7,16,26)

One important target of such cascades is the intra-
cellular Ca2þ concentration,27) as is evident in that the
Ca2þ chelator EGTA abolishes the Ca2þ mobilization
and mast cell degranulation that follow Fc"RI cross-
linking.9,28) The cytoplasmic Ca2þ concentration is
regulated by PI3K-mediated activation of phospholipase
C-� (PLC-�). PLC-� activates diacylglycerol (DAG)
and the formation of inositol-1,4,5-triphosphate (IP3),
which govern Ca2þ mobilization.3,7,9,26) The cytoplasmic
Ca2þ concentration regulates a variety of signal-medi-
ated processes. For example, CERK converts ceramide
to C1P in a Ca2þ-dependent manner and activates

− − +
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Eriodictyol

CERK

β-Actin

**

Eriodictyol (µM)

Fig. 5. Effect of Eriodictyol on CERK Expression in IgE/Ag-
Sensitized Mast Cells.
IgE/Ag-sensitized RBL-2H3 cells were challenged with 25 ng/

mL of antigen after treatment with 40mM eriodictyol or no treatment.
Total mast cell RNA was isolated and analyzed by RT-PCR, which
was performed to assess CERK and �-actin expression. The data
from triplicate experiments were quantified by densitometry. Data
are expressed as mean� SD (n ¼ 3). ��p < 0:01.

**

** ** **

Eriodictyol (µµM)

Fig. 6. Effect of Eriodictyol on Ceramide Levels in IgE/Ag-
Sensitized Mast Cells.

Mast cells sensitized with IgE/Ag were challenged with 25 ng/
mL of antigen. Lipids were extracted from the mast cell pellets with
ethanol containing C17-ceramide as internal standard. The C17- and
C18-ceramides in the extract were separated by thin-layer chroma-
tography and deacylated with ceramidase. The C17 and C18

sphingosines released were derivatized with OPA fluorescent dyes
and analyzed by HPLC. Data are expressed as mean� SD (n ¼ 3).
��p < 0:01.
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MAPK signaling, which can invoke ERK 1/2, JNK and
p38. These signaling cascades lead to degranulation and
cytokine release in IgE/Ag-stimulated mast cells, which
induce and sustain the allergic response.10–13) It is thus
plausible that modulators of intracellular Ca2þ in mast
cells might be useful in preventing and relieving the
distress of allergic disease.

In the present study, we investigated the effects of
eriodictyol on the IgE/Ag-mediated PCA in mice and on
the corresponding effectors in RBL-2H3 cells. The
mouse ear PCA reaction is a well-established exper-
imental system for evaluating a localized immediate
allergic response in vivo.17,18,24,29) In this study, eriodic-
tyol administered orally to the mice 2 h before antigen
challenge effectively suppressed local allergic reactions
(Fig. 2). Substantial inhibition was observed at 30mg/
kg of eriodictyol and complete suppression was ob-
served with 50mg/kg. This suggests that eriodictyol
might be applied pharmacologically in treating allergic
disease.

The release of chemical mediators and enzymes plays
an important role in the allergic response. After
stimulation with IgE/Ag, mast cells release �-hexosa-
minidase from storage in granules.4,18) Assay of �-
hexosaminidase thus provides a convenient method to
monitor mast-cell degranulation and activation.17) Erio-
dictyol significantly suppressed IgE/Ag-stimulated de-
granulation in a dose-dependent manner in RBL-2H3
cells (Fig. 3A). At the concentrations used in these
experiments, it induced no cytotoxicity (Fig. 3B). These
results offer further support for eriodictyol as a potential
anti-allergenic agent.

Aggregation of IgE-bound Fc"RI by Ag binding
induces various inflammatory cytokines, notably IL-4
and TNF-�, which mediate the symptoms in an allergic
reaction.19,20) IL-4 is central, because it is involved in
IgE production, Th2 cell induction, and the inhibition of
MAPK expression involved in Ca2þ influx.19) TNF-� is
also an important inflammatory cytokine that mast cells
produce in response to IgE challenge via ERK1/2
signaling.17,19) In this study, eriodictyol suppressed IL-4
expression in IgE/Ag-stimulated mast cells, but did not
affect the expression of TNF-�, which begin upstream of
IL-4 transcription factor binding (Fig. 4). This suggests
that eriodictyol inhibits the allergic response not by
reducing TNF-� production but by suppressing IL-4.
This assumes that IL-4 inhibition reduces, the IgE level
in the blood, possibly through the effect of eriodictyol
on intracellular Ca2þ levels, which in turn regulate IL-4.

To elucidate further the molecular mechanisms of
eriodictyol, we investigated its effect on expression of
CERK mRNA and the levels of ceramide and sphingo-
lipid metabolites during Ca2þ-dependent degranulation
in IgE/Ag-stimulated RBL-2H3 cells. As mentioned
above, CERK converts ceramide to C1P, dependent on
the cytosolic Ca2þ concentration,10,11) and increased
cytoplasmic C1P stimulates MAPK, leading to degra-
nulation and the release of inflammatory mediators.10,13)

Following release from more complex membrane lipids
such as sphingomyelin, ceramide can participate in
diverse signaling pathways. For instance, it induces the
release of proinflammatory cytokines and activates
MAPK, which promotes the production of inflammatory
mediators and adhesion molecules.12) In the present

study, eriodictyol suppressed the expression of CERK
mRNA and ceramide concentrations in IgE/Ag-stimu-
lated mast cells (Figs. 5 and 6). Recently, we reported
that CERK is a mediator of calcium-dependent degra-
nulation in mast cells. Exogenous introduction of CERK
into permeabilized RBL-2H3 cells caused degranula-
tion.10) Thus eriodictyol appeared to inhibit mast-cell
degranulation by inhibiting sphingolipid metabolism.
These results are consistent with the effect of eriodictyol
on intracellular Ca2þ levels, since it inhibited the
expression of IL-4 and CERK mRNA.
Taken together, the present findings indicate that

eriodictyol significantly suppressed IgE/Ag-induced
PCA in mice, inhibited �-hexosaminidase release, a
marker of degranulation, and downregulated CERK and
IL-4, Ca2þ-dependent factors in degranulation. It also
decreased the mast-cell concentrations of ceramide and
sphingolipid metabolites. Hence, eriodictyol can sup-
press the IgE/Ag-induced allergic response primarily by
inhibiting ceramide metabolism in mast cells.
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