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This study investigated the inhibitory effects of costunolide isolated from the leaves of Laurus nobilis L.
(Lauraceae) on basophil‐mediated allergic reactions and interleukin (IL)‐5‐mediated B cell growth. The effects
of costunolide on β‐hexosaminidase (a key parameter of degranulation) release and IL‐4 expression in rat
basophilic leukemia (RBL‐2H3) cells were determined by measuring β‐hexosaminidase activity and by semi‐
quantitative RT‐PCR, respectively. The effects of costunolide on Y16 pro‐B cell viability and growth were
determined by 3‐(4,5‐dimethylthiazol‐2‐yl)2,5‐diphenyltetrazolium bromide (MTT) assay. Costunolide was
found significantly to inhibit β‐hexosaminidase activity (p<0.01) and IL‐4 transcription in RBL‐2H3 cells in a
dose‐dependent manner. Its 50% inhibitory concentration (IC50) was 34µM, while that of the positive control,
ketotifen, was 24µM (IL‐4 mRNA transcription). Moreover, costunolide dose‐dependently suppressed pro‐B
cell growth in IL‐5‐stimulated Y16 cells.

These results provide evidence that costunolide stabilizes mast cells by inhibiting IgE‐mediated degranulation
and inhibits IL‐5‐stimulated B cell growth. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

The incidence of allergic diseases such as asthma,
rhinitis and atopic dermatitis has increased recently,
especially in developed countries. Epidemiological
studies suggest that this trend may stem from exposure
to environmental factors (Etzel, 2003; Bornehag et al.,
2004; Rönmark et al., 2009). Mast cells play a key role in
the development of these allergic diseases and inflam-
matory disorders (Fairweather and Frisancho‐Kiss,
2008; Holgate et al., 2009). In allergic reactions, initial
exposure to an allergen triggers the production of large
amounts of allergen‐specific IgE antibody by B cells.
These IgE molecules attach themselves to mast cells.
Upon subsequent exposure to the same allergen, the
IgE‐primed mast cells degranulate, releasing powerful
chemical mediators, including histamine and cytokines,
into their local environment. These chemical mediators
cause the characteristic symptoms of allergy (Stone
et al., 2010).
The RBL‐2H3 mast cell line has been used widely as

a convenient model system for studying regulated
secretion in mast cells (Sur et al., 2009). RBL‐2H3 cells
abundantly express FcεRI, a high‐affinity receptor for
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IgE, on their surfaces. Aggregation of IgE‐FcεRI
complexes by multivalent antigens activates a complex
cascade of intracellular events that results in degranu-
lation and the consequent release of chemical me-
diators of allergic responses including histamine (Yang
et al., 2009), serotonin (Hoek et al., 2002) and beta‐
hexosaminidase (Han et al., 2009). These molecules play
important roles in the development of some of the
major symptoms of allergic diseases, including vasodila-
tion, mucus secretion and bronchoconstriction.

Interleukin (IL)‐4, which is primarily secreted by
activated Th2‐type cells and inflammatory cells such
as mast cells and basophils, plays an important role
in allergic inflammation (Steinke and Borish, 2001;
Zietkowski et al., 2010). It contributes to allergic
reactions by inducing IgE isotype switching in B cells
(Aalberse, 2006), and plays important roles in the
infiltration of inflammatory cells and the induction of
late‐phase reactions (Metcalfe et al., 1997; Pearlman,
1999). Overproduction of IL‐4 has been associated with
allergy (Le‐Buanec et al., 2007).

A second cytokine, IL‐5, one of the main
proinflammatory mediators produced by Th2 cells and
mast cells, induces eosinophilic inflammation and mucus
production (Hamelmann et al., 1999; Allakhverdi et al.,
2002). It also stimulates B cell growth, and thus
immunoglobulin secretion. Notably, it is a key mediator
of eosinophil activation. By increasing the release of
immunoglobulin by B cells, it enhances allergic
and inflammatory reactions by increasing mast cell
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activation. Glucocorticoids are used frequently to
control acute allergic and/or inflammatory reactions
(Ference and Last, 2009; Saeki, 2009). However, the
prolonged use of high‐dose glucocorticoids is associated
with a variety of adverse effects (Pariser, 2009). In
recent years, therefore, safer alternative approaches
have been developed to control allergic reactions. Many
compounds whose origins lie in herbal medicine have
been developed (Byeon et al., 2009; Choi et al., 2007).
Laurus nobilis L. (Lauraceae) leaves are used fre-
quently as a spice in cooking. Folk medicine in many
countries uses infusions of this plant in stomachic and
carminative remedies, as well as in the treatment of
gastric disease. Laurus nobilis is a source of a number of
polyphenolic compounds (De‐Marino et al., 2004;
Bouaziz et al., 2007), as well as monoterpenes (Yalcin
et al., 2007; Marzouki et al., 2008) and sesquiterpenes
(De‐Marino et al., 2005; Dall’Acqua et al., 2006). It has
been reported that the sesquiterpene costunolide, a
constituent of Laurus nobilis, induces cell death
(Hibasami et al., 2003) and inhibits alcohol absorption
(Yoshikawa et al., 2000). Allergic reactions have been
reported in a few individuals treated with a mixture of
costunolide and other sesquiterpenes (Goulden and
Wilkinson, 1998; Paulsen et al., 2001). In a survey
covering the 15‐year period 1995–2009, 157/7163
(2.19%) individuals suffered reactions, and about 87%
of those who suffered reactions were sensitive to
costunolide at a concentration of 0.1% (Paulsen et al.,
2001; Paulsen and Andersen, 2010). In spite of these
few cases of allergy, costunolide has been shown to have
antiinflammatory activities (Pandey et al., 2007; Pae
et al., 2007; Kassuya et al., 2009). However, the effects of
costunolide on mediators of allergic reactions have not
been explored. The present study was undertaken to
assess whether costunolide inhibits allergic mediators
in vitro. Specifically, this study focused on the effects of
costunolide on early‐ and late‐phase allergic indicators
including degranulation and pro‐B cell growth.
Figure 1. (A) Chemical structure of costunolide. (B) Cytotoxic
effects of costunolide on RBL‐2H3 cells. RBL‐2H3 cells (5 ×105

cells/mL) were cultured for 48h in growth medium containing
varying amounts of costunolide. Cytotoxicity was determined by
MTT assay. Data are expressed as mean±SD. *p<0.05 com-
pared with control.
MATERIAL AND METHODS

Reagents. Dulbecco’s modified Eagle’s medium
(DMEM) and RPMI‐1640 medium were purchased
from Sigma‐Aldrich (St Louis, MO, USA). Fetal bovine
serum (FBS) was purchased from Invitrogen (Carlsbad,
CA, USA). A monoclonal anti‐dinitrophenol (DNP)
antibody and 4‐nitrophenyl N‐acetyl‐β‐D‐glucosaminide
were purchased from Sigma‐Aldrich. One‐step RT‐
PCR premix kits and easy‐BLUE Total RNA extraction
kits were purchased from iNtRON (Kyunggi, Korea).

Laurus nobilis extract and costunolide. Costunolide
was isolated from the leaves of L. nobilis, obtained from
Orege Forest Agricultural and Food Products Foreign
Trade, Turkey, in November, 2008. The plant was
identified by Dr Yeong‐Han, of Korea National
Arboretum, and a voucher specimen, NPRI‐Q003, has
been kept in the Natural Products Research Institute,
Seoul National University Herbarium. Briefly, air‐dried
L. nobilis (40.0 kg) was extracted with methanol (20L),
and then filtered. The residual marc was re‐extracted in
the same way with more methanol (2 × 20L). The
combined filtrates were evaporated under reduced
Copyright © 2011 John Wiley & Sons, Ltd.
pressure to yield a dark green gum (2.4 kg). The sample
was partitioned between n‐hexane and 10% aqueous
methanol (2 L). The sample (37.5 g) from the n‐hexane
fraction (318.7 g) was subjected to flash chromatog-
raphy (Φ10 × 50 cm; silica gel 70–230 mesh, 1 kg) with an
n‐hexane and ethyl acetate gradient. The active frac-
tions were eluted in a solvent EtOAc/n‐hexane fraction
(2: 8) and the fraction (418.8mg) was subjected to semi‐
preparative high performance liquid chromatography
(HPLC; YMC‐silica column, 25 × 1 cm) with an n‐
hexane–EtOAc gradient. The final fraction eluted with
hexane:ethyl acetate (1.5: 8.5) resulted in a pure
compound, which was recrystallized in n‐hexane as
colorless crystals. Based on electron spray ionization
mass spectrometry, 1H NMR and 13C NMR spectral
data, the purified compound was verified as costunolide
(11.8mg, Fig. 1) (Aifeng et al., 2005).

Cell culture. Rat basophilic leukemia (RBL‐2H3) cells
obtained from the Korean Cell Line Bank (Seoul,
Korea) were grown at 37 °C, 5% CO2 in DMEM
supplemented with 8% FBS, 100U/mL penicillin and
100 µg/mL streptomycin. Y16 pro‐B cells were grown in
RPMI medium supplemented with 24mM NaHCO3, 1X
antibiotics (Sigma‐Aldrich), 50 µM 2‐mercaptoethanol
and 8% heat‐inactivated FBS.

Cell viability assay. Cell viability was analysed by 3‐(4,5‐
dimethylthiazol‐2‐yl)2,5‐diphenyltetrazolium bromide
(MTT) assay. RBL‐2H3 cells (5 × 104 cells/mL) were
plated to 96‐well plates (100μL/well). After 24 h, they
were treated with various concentrations of costunolide
for another 24 h and then incubated with MTT (250 µg/
mL) at 37 °C in phenol‐red free medium. After 4 h, the
Phytother. Res. (2011)
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MTT solution was removed and replaced with 250μL of
dimethyl sulfoxide (DMSO). The cell viability was
determined by quantifying the production of the
colored MTT metabolite formazan. This was achieved
by measuring absorbances at 595 nm. Values obtained
from untreated control cells were considered to
represent 100% viability.

Assay for β‐hexosaminidase release from RBL‐2H3
cells. The release of a preformed granular enzyme, β‐
hexosaminidase, in mast cells correlates well with
histamine release (Schwartz and Austen, 1980; Passante
and Frankish, 2009). RBL‐2H3 cells (5 × 104cells/mL)
were plated to 96‐well plates (100μL/well) and then
sensitized through incubation with anti‐DNP‐IgE (final
concentration 1 µg/mL) for 24 h at 37 °C. They were
then washed twice with HEPES buffer to eliminate free
IgE. After washing, the cells were incubated with
costunolide [final concentration 0.32–40 µM in 45μL
(per well) of releasing buffer (116.9mM NaCl, 5.4mM
KCl, 0.8mM MgSO4.7H2O, 5.6mM glucose, 25mM
HEPES, 2.0mM CaCl2, 1.0mg/mL BSA, pH 7.7)] at
37 °C for 20min. The cells were next challenged
through incubation with 5μL per well of 4 µg/mL
DNP‐BSA (in PBS) at 37 °C for 1 h. Finally, 40μL of
each supernatant was transferred to a fresh 96‐well
plate and mixed with 50μL of substrate solution (5mM
4‐nitrophenyl N‐acetyl‐β‐D‐glucosaminide in 50mM
citric acid buffer, pH 4.5). After incubation at 37 °C
for 90min, the reactions were terminated by the
addition of 50μL of stop solution (0.5M Na2CO3/
NaHCO3, pH 10.0). Absorbances at 405 nm were
recorded using a microplate reader (Molecular Devices,
USA). The second‐generation of H1‐antihistamine/mast
cell stabilizer ketotifen was used as a positive control
(Passante et al., 2009). The percentage inhibition of β‐
hexosaminidase release in each test sample was
calculated using the following equation:

Inhibition %ð Þ ¼ 1− T−Cð Þ= I−Cð Þ½ � � 100

Control (C): Cells (+), DNP‐IgE (−), test sample (−)
Test (T): Cell (+), DNP‐IgE (+), test sample (+)
Inducer (I): Cell (+), DNP‐IgE (+), test sample (−)
Measurement of IL‐4 mRNA expression by reverse
transcription‐polymerase chain reaction (RT‐PCR)

RBL‐2H3 cells (5 × 105 cells/mL) were plated to 12‐well
plates (1mL/well) and then sensitized through incuba-
tion with anti‐DNP‐IgE (final concentration 1 µg/mL)
for 24 h at 37 °C. They were then washed twice with
HEPES buffer to eliminate free IgE. After washing, the
cells were incubated with costunolide [70μL in 630μL
(per well) of releasing buffer] at 37 °C for 3 h. The
cells were next challenged through incubation
with 70μL per well of 4 µg/mL DNP‐BSA (in PBS)
at 37 °C for 1 h. Following antigen‐stimulation, total
RNA was isolated using an easy‐BLUE Total RNA
extraction kit (iNtRON). cDNA was synthesized
from 1µg of total RNA using a ONESTEP RT‐PCR
premix kit (iNtRON). Based on their previous report-
ed efficacy, the following primer pairs were used: IL‐
4, forward 5′‐ACCTTGCTGTCACCCTGTTC‐3′and
reverse 5′‐TTGTGAGCGTGGACTCATTC‐3′; and
Copyright © 2011 John Wiley & Sons, Ltd.
β‐actin, forward 5′‐GACCCAGATCATGTTTGAGA‐3′
and reverse 5′‐GCTTGCTGATCCACATCTGC‐3′.
The thermal conditions for denaturation, annealing
and extension, respectively, were as follows: IL‐4: 94 °C
for 45 s, 58 °C for 45 s and 72 °C for 45 s (35 cycles);
β‐actin: 94 °C for 45 s, 55 °C for 45 s and 72 °C for 45 s
(25 cycles). PCR reactions were performed using a
GeneAmp PCR System 9700 (Applied Biosystems,
Seoul, Korea). The PCR products were electrophoresed
in 1.5% (w/v) agarose gels and stained with SYBR Safe
DNA gel stain (Invitrogen, Seoul, Korea). Detection
and densitometric analysis of bands were performed
using a LAS 1000 Plus image analyser in conjunction
with Multi‐Gauge software (both Fuji Photo Film,
Japan). Product molecular weights were determined
through comparison with molecular size markers
(100 bp DNA Ladder Marker, Takara). For each
sample, the IL‐4 mRNA value was normalized to the
β‐actin signal.

Y16 pro‐B cell growth assay. Y16 cells (5 × 104 cells/
well) were plated to a 96‐well microplate (Nunc,
Denmark). IL‐5 (final concentration 10U/mL) was
added, with or without serially diluted costunolide or
tyrphostin AG‐490 (positive control), to each well.
As a positive control, tryphostin AG490 (Sigma‐
Aldrich), 2‐cyano‐3‐(3,4‐dihydroxyphenyl)‐N‐(benzyl)‐
2‐propenamide inhibiting Janus kinase‐2 critical for the
anti‐apoptotic effect of IL‐5 (Pazdrak et al., 1998) was
used. After incubation for 48h at 37 °C, 5%CO2, the cells
were incubated with fresh culture medium containing
MTT (250µg/mL) for a further 4 h. The culture medium
was then replaced with 250μL of DMSO to ensure
complete solubilization of the colored MTT metabolite
formazan. Relative rates of cellular metabolism were
determined by measuring absorbances at 540nm (A540)
using a microplate reader. The percentage inhibition of
IL‐5‐stimulated growth in each test sample was calculated
using the following equation:

Inhibition %ð Þ ¼ ½1− Sample A540−Control A540ð Þ=
Inducer A540−Control A540ð Þ� � 100

Statistical analysis. All data are expressed as mean±
SD. Statistical significance was determined by Student’s
t‐test using Sigma Plot 10.0 software (SPSS, USA) A
value of p< 0.05 was considered to be statistically
significant.
RESULTS

Lack of cytotoxic effect of costunolide on
RBL‐2H3 cells

The viability of RBL‐2H3 cells treated for 24 h with
various concentrations of costunolide (0.32–200 µM) was
determined by the MTT assay. There was a significant
reduction in viability in cells treated with costunolide at
a concentration of 200 µM. In contrast, over 98% of cells
treated with concentrations of costunolide ranging from
0.32 to 40 µM remained viable (Fig. 1B). The non‐
cytotoxicity of costunolide in Y16 cells was confirmed
by staining with 0.4% trypan blue (data not shown).
Phytother. Res. (2011)
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Inhibition of β‐hexosaminidase release from RBL‐2H3
cells by costunolide

Degranulation of RBL‐2H3 cells sensitized with IgE and
challenged with DNP‐BSAwas evaluated by assaying β‐
hexosaminidase release. Treatment with costunolide dose
dependently reduced the release of β‐hexosaminidase.
Treatment with 0.32, 1.6, 8 and 40µM of costunolide
inhibited the release of β‐hexosaminidase by 2.8± 3.2%,
7.9 ± 1.1%, 14.7 ± 3.2%, and 37.5± 4.4%, respectively
(Fig. 2). Costunolide was as effective as ketotifen (the
positive control) at inhibiting degranulation.

Effect of costunolide on IgE‐induced IL‐4 expression in
RBL‐2H3 cells

IL‐4 plays an important role in allergic diseases. The
effect of costunolide on the expression of IL‐4 mRNA
Figure 2. Inhibitory effect of costunolide on β‐hexosaminidase
release from RBL‐2H3 cells. Degranulation was dose‐dependently
inhibited by both costunolide and ketotifen (positive control). Data
are expressed as mean ± SD of at least three independent
experiments. *p<0.05; **p<0.01 compared with control.

Figure 3. Effect of costunolide and ketotifen on IL‐4 mRNA expression in
then challenged with NPBSA for 1h. IL‐4 mRNA expression was quantifie
dose‐dependently reduced IL‐4 mRNA expression. Expression was measu
*p<0.05; **p<0.01, compared with control.

Copyright © 2011 John Wiley & Sons, Ltd.
was examined. IgE‐sensitized RBL‐2H3 cells were
treated with costunolide for 3 h and then challenged
with DNP‐BSA. Costunolide dose‐dependently reduced
IL‐4 mRNA expression (IC50 = 34 µM) (Fig. 3A). The
study also examined the effects of ketotifen, which has
been used as an antiallergic drug. It strongly suppressed
IL‐4 mRNA expression in RBL‐2H3 cells (IC50 = 24 µ
M) (Fig. 3B). Costunolide was thus slightly less potent
than ketotifen as an inhibitor of RBL‐2H3 cell IL‐4
mRNA.
Inhibitory effect of costunolide on IL‐5‐dependent
proliferation of Y16 pro‐B cells

The cytokine IL‐5 is known to play a significant role in
allergic diseases. Costunolide dose‐dependently inhib-
ited the growth of IL‐5‐stimulated Y16 pro‐B cells. The
IC50 values of costunolide and tyrphostin AG‐490 (a
positive control) were 31 and 24 µM, respectively
(Fig. 4). Costunolide was thus a slightly less potent
inhibitor of IL‐5‐stimulated Y16 pro‐B cell growth than
was tyrphostin AG‐490.
DISCUSSION

This study examined the effects of costunolide on the
degranulation of IgE sensitized mast cells and the
growth of IL‐5‐stimulated Y16 pro‐B cells to test
whether costunolide might be useful in treating early‐
and late‐phase allergic reactions. Allergen binding
triggers the aggregation of complexes formed between
IgE and its high‐affinity receptor FcεRI, and thereby
induces mast cell degranulation and the release of
allergic mediators including histamine, serotonin and β‐
hexosaminidase (Siraganian, 2003). Costunolide inhib-
ited the secretion of these allergic mediators (measured
RBL‐2H3 cells. RBL‐2H3 cells were treated costunolide for 3 h and
d by RT‐PCR. (A) Costunolide and (B) the antiallergic drug ketotifen
red using Multi‐Gauge software. Data are expressed as mean±SD.

Phytother. Res. (2011)



igure 4. Inhibitory effects of costunolide on IL‐5‐induced pro-
feration of Y16 cells. Y16 cells were treated with IL‐5 with or
ithout costunolide for 48h. Cell growth was measured by MTT
ssay. Data are expressed as mean ± SD of at least three
dependent experiments. *p<0.05; **p<0.01 compared with
ontrol.
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through β‐hexosaminidase release) dose‐dependently
and as effectively as the positive control ketotifen.
These results suggest that costunolide inhibits the
release of histamine and other inflammatory mediators.
In Th2 immune responses, mast cells and T cells secrete
IL‐4, IL‐5 and IL‐13. IL‐4 maintains cell activation,
thereby reinforcing Th2 responses. Moreover, it induces
the growth of basophils and mastocytes, and the
differentiation of lymphocytes (Ricci et al., 1997). It is
therefore an important factor in facilitating mast cell
activation (via effects on B cells), as well as in inducing
the secretion of other Th2 cytokines. It was found that
costunolide dose‐dependently decreased the expression
of IL‐4 mRNA in anti‐DNPIgE‐treated mast cell‐like
cells. This inhibitory effect was similar to that observed
with ketotifen, a well‐known inhibitor of IL‐4 expres-
sion. These results provide evidence that costunolide
Copyright © 2011 John Wiley & Sons, Ltd.
inhibits anti‐DNP‐IgE‐induced mast cell activation,
measured in terms of β‐hexosaminidase activity and
IL‐4 mRNA expression. Mast cells are activated
following the binding of IgE to receptors on their cell
surfaces. Activated mast cells secrete proinflammatory
cytokines including IL‐4 and IL‐5. Mast cell‐derived IL‐
5 stimulates B cell growth and thus increases immuno-
globulin secretion. Costunolide inhibited the growth of
IL‐5‐stimulated Y16 pro‐B‐cells with an IC50 value of
31 µM (tyrphostin AG‐490, used as a positive control,
exhibited an IC50 value of 24 µM). This potent inhibition
of IL‐5‐stimulated growth of Y16 pro‐B cells by
costunolide suggests that it controls not only the early
phases of mast cell activation, but also subsequent IgE
amplification.
CONCLUSION

It was shown that costunolide limits the ability of IgE to
induce β‐hexosaminidase activity and IL‐4 mRNA
expression in RBL‐2H3 cells without causing significant
cytotoxicity. Furthermore, costunolide dose‐dependent-
ly inhibited IL‐5‐dependent growth of Y16 pro‐B cells.
These findings reveal the pharmacological potential of
costunolide as a mast cell stabilizer and inhibitor of pro‐
B cell proliferation in allergic and/or inflammatory
disorders.
Acknowledgement

This work was supported by a National Research Foundation of
Korea (NRF) grant funded by the Korean government (MEST)
(Grant No. 2009–0084800).
Conflict of Interest

The authors have declared that there is no conflict of interest.
REFERENCES
Aalberse RC. 2006. Structural features of allergenic molecules.
Chem Immunol Allergy 91: 134–146.

Aifeng L, Ailing S, Renmin L. 2005. Preparative isolation and
purification of costunolide and dehydrocostuslactone from
Aucklandia lappa Decne by high‐speed counter‐current chro-
matography. J Chromatogr A 1076: 193–197.

Allakhverdi Z, Allam M, Renzi PM. 2002. Inhibition of antigen‐
induced eosinophilia and airway hyperresponsiveness by
antisense oligonucleotides directed against the common beta
chain of IL‐3, IL‐5, GM‐CSF receptors in a rat model of allergic
asthma. Am J Respir Crit Care Med 165: 1015–1021.

Bornehag CG, Sundell J, Weschler CJ et al. 2004. The association
between asthma and allergic symptoms in children and
phthalates in house dust: a nested case‐control study. Environ
Health Perspect 112: 1393–1397.

Bouaziz A, Romera‐Castillo C, Salido S et al. 2007. Cinnamtannin
B‐1 from bay wood exhibits antiapoptotic effects in human
platelets. Apoptosis 12: 489–498.

Byeon SE, Choi WS, Hong EK et al. 2009. Inhibitory effect of
saponin fraction from Codonopsis lanceolata on immune cell‐
mediated inflammatory responses. Arch Pharm Res 32:
813– 822.

Choi IY, Kim SJ, Jeong HJ et al. 2007. Hesperidin inhibits
expression of hypoxia inducible factor‐1 alpha and inflamma-
tory cytokine production from mast cells. Mol Cell Biochem
305: 153–161.
Dall’Acqua S, Viola G, Giorgetti M, Loi MC, Innocenti G. 2006.
Two new sesquiterpene lactones from the leaves of Laurus
nobilis. Chem Pharm Bull (Tokyo) 54: 1187–1189.

De‐Marino S, Borbone N, Zollo F, Ianaro A, Di‐Meglio P, Iorizzi M.
2004. Megastigmane and phenolic components from Laurus
nobilis L. leaves and their inhibitory effects on nitric oxide
production. J Agric Food Chem 52: 7525–7531.

De‐Marino S, Borbone N, Zollo F, Ianaro A, Di‐Meglio P, Iorizzi M.
2005.New sesquiterpene lactones from Laurus nobilis leaves as
inhibitors of nitric oxide production. Planta Med 71: 706–710.

Etzel RA. 2003. How environmental exposures influence the
development and exacerbation of asthma. Pediatrics 112:
233–239.

Fairweather D, Frisancho‐Kiss S. 2008. Mast cells and inflamma-
tory heart disease: potential drug targets. Cardiovasc Hematol
Disord Drug Targets 8: 80–90.

Ference JD, Last AR. 2009. Choosing topical corticosteroids. Am
Fam Physician 79: 135–140.

Goulden V, Wilkinson SM. 1998. Patch testing for Compositae
allergy. Br J Dermatol 138: 1018–1021.

Hamelmann E, Wahn U, Gelfand EW. 1999. Role of the Th2
cytokines in the development of allergen‐induced airway
inflammation and hyperresponsiveness. Int Arch Allergy
Immunol 118: 90–94.

Han EH, Park JH, Kim JY, Chung YC, Jeong HG. 2009. Inhibitory
mechanism of saponins derived from roots of Platycodon
Phytother. Res. (2011)



T. J. KIM ET AL.
grandiflorum on anaphylactic reaction and IgE‐mediated allergic
response in mast cells. Food Chem Toxicol 47: 1069–1075.

Hibasami H, Yamada Y, Moteki H et al. 2003. Sesquiterpenes
(costunolide and zaluzanin D) isolated from laurel (Laurus
nobilis L.) induce cell death and morphological change
indicative of apoptotic chromatin condensation in leukemia
HL‐60 cells. Int J Mol Med 12: 147–151.

Hoek KL, Cassell GH, Duffy LB, Atkinson TP. 2002. Mycoplasma
pneumonia induced activation and cytokine production in
rodent mast cells. J Allergy Clin Immunol 109: 470–476.

Holgate S, Smith N, Massanari M, Jimenez P. 2009. Effects of
omalizumab on markers of inflammation in patients with
allergic asthma. Allergy 64: 1728–1736.

Kassuya CA, Cremoneze A, Barros LF et al. 2009. Antipyretic and
anti‐inflammatory properties of the ethanolic extract, dichlo-
romethane fraction and costunolide from Magnolia ovata
(Magnoliaceae). J Ethnopharmacol 124: 369–376.

Le‐Buanec H, Paturance S, Couillin I et al. 2007. Control of allergic
reactions in mice by an active anti‐murine IL‐4 immunization.
Vaccine 25: 7206–7216.

MarzoukiH,PirasA,MarongiuB,RosaA,DessìMA.2008.Extraction
and separation of volatile and fixed oils from berries of Laurus
nobilis L. by supercritical CO2.Molecules13: 1702–1711.

Metcalfe DD, Baram D, Mekori YA. 1997. Mast cells. Physiol Rev
77: 1033–1079.

Pae HO, Jeong GS, Kim HS et al. 2007. Costunolide inhibits
production of tumor necrosis factor‐alpha and interleukin‐6 by
inducing heme oxygenase‐1 in RAW264.7 macrophages.
Inflamm Res 56: 520–526.

Pandey MM, Rastogi S, Rawat AK. 2007. Saussurea costus:
botanical, chemical and pharmacological review of an ayur-
vedic medicinal plant. J Ethnopharmacol 110: 379–390.

Pariser D. 2009. Topical corticosteroids and topical calcineurin
inhibitors in the treatment of atopic dermatitis focus on
percutaneous absorption. Am J Ther 16: 264–273.

Passante E, Ehrhardt C, Sheridan H, Frankish N. 2009. RBL‐2H3
cells are an imprecise model for mast cell mediator release.
Inflamm Res 58: 611–618.

Passante E, Frankish N. 2009. The RBL‐2H3 cell line: its
provenance and suitability as a model for the mast cell.
Inflamm Res 58: 737–745.

PaulsenE,AndersenKE. 2010.Screening forCompositae sensitization
with pure allergens: implications of molecular structure, strength
of reaction, and time of testing. Contact Dermatitis 64: 96–103.

Paulsen E, Andersen KE, Hausen BM. 2001. Sensitization and
cross‐reaction patterns in Danish Compositae‐allergic pa-
tients. Contact Dermatitis 45: 197–204.
Copyright © 2011 John Wiley & Sons, Ltd.
Pazdrak K, Olszewska‐Pazdrak B, Stafford S, Garofalo RP, Alam R.
1998. Lyn, Jak2, and Raf‐1 kinases are critical for the
antiapoptotic effect of interleukin 5, whereas only Raf‐1
kinase is essential for eosinophil activation and degranulation.
J Exp Med 188: 421–429.

Pearlman DS. 1999. Pathophysiology of the inflammatory
response. J Allergy Clin Immunol 104: S132–S137.

Ricci M, Matucci A, Rossi O. 1997. Source of IL‐4 able to induce
the development of TH2‐like cells. Clin Exp Allergy 27:
488–500.

Rönmark E, Bjerg A, Perzanowski M, Platts‐Mills T, Lundbäck B.
2009. Major increase in allergic sensitization in schoolchildren
from 1996 to 2006 in northern Sweden. J Allergy Clin
Immunol 124: 357–363.

Saeki H. 2009. The brief commentary on guidelines for the
management of atopic dermatitis 2009 – the point of drug
treatment. Arerugi 58: 1568–1573.

Schwartz LB, Austen KF. 1980. Enzymes of the mast cell granule.
J Invest Dermatol 74: 349–353.

Siraganian RP. 2003. Mast cell signal transduction from the high‐
affinity IgE receptor. Curr Opin Immunol 15: 639–646.

Steinke JW, Borish L. 2001. Th2 cytokines and asthma.
Interleukin‐4: its role in the pathogenesis of asthma, and
targeting it for asthma treatment with interleukin‐4 receptor
antagonists. Respir Res 2: 66–70.

Stone KD, Prussin C, Metcalfe DD. 2010. IgE, mast cells, basophils,
and eosinophils. J Allergy Clin Immunol 125: S73–S80.

Sur R, Hall J, Cavender D, Malaviya R. 2009. Role of
Janus kinase‐2 in IgE receptor mediated leukotriene C4
production by mast cells. Biochem Biophys Res Commun 390:
786–790.

Yalcin H, Anik M, Sanda MA, Cakir A. 2007. Gas chromatography/
mass spectrometry analysis of Laurus nobilis essential oil
composition of northern Cyprus. J Med Food 10: 715–719.

Yang W, Chen J, Zhou L. 2009. Effects of shear stress on
intracellular calcium change and histamine release in rat
basophilic leukemia (RBL‐2H3) cells. J Environ Pathol Toxicol
Oncol 28: 223–230.

Yoshikawa M, Shimoda H, Uemura T, Morikawa T, Kawahara Y,
Matsuda H. 2000. Alcohol absorption inhibitors from bay leaf
(Laurus nobilis): structure‐requirements of sesquiterpenes for
the activity. Bioorg Med Chem 8: 2071–2077.

Zietkowski Z, Skiepko R, Tomasiak‐Lozowska MM, Mroczko B,
Szmitkowski M, Bodzenta‐Lukaszyk A. 2010. Changes in
high‐sensitivity C‐reactive protein in serum and exhaled breath
condensate after intensive exercise in patients with allergic
asthma. Int Arch Allergy Immunol 153: 75–85.
Phytother. Res. (2011)


