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Abstract Allergic inflammation results from stimulation of
B-hexosaminidase secretion, increased calcium influx, and
activation of MAPK pathways. Some fractions of Chamaecyparis
obtusa decreased secretion of P-hexosaminidase, calcium
influx, ROS, and phosphorylation of ERK. These results
suggest that Chamaecyparis obtusa would be valuable for
development of allergy therapeutics.
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Medicinal herbs have commonly been used in health care
in many countries [3, 8, 12]. Aloe vera is a complex plant
containing biologically active substances, and glycoprotein
extracted from aloe vera exhibits strong antiinflammatory
responses and antiallergic reactions [15]. Chamaecyparis
obtusa is a conifer in the cypress family Cupressaceae, native
to central Japan, which is commonly known as Hinoki
Cypress or Hinoki. Beta-thyjaplicin, a major component of
essential oil of Chamaecyparis obtusa, exhibits antimicrobial
activity [7], and suppresses ultraviolet B-induced apoptosis
in keratinocytes, and its effect is dependent on the induction
of metallothionein [1]. Mast cells and basophils play
essential roles in the pathogenesis of allergic reactions such
as atopic dermatitis and asthma. RBL-2H3 (rat basophilic
leukemia) cells are mucosal mast cells that express the
immunoglobulin receptor FcgRI. Stimulation of IgE-
sensitized RBL-2H3 cells with specific antigen triggers a
cascade of events, leading to degranulation, mediator release,
activation of MAPK, tyrosine kinase and phospholipase C,
ROS production calcium influx, and cytokine production
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[2, 14, 16]. This cascade of events suggests that mast cells
are ideal targets for controlling various allergic diseases,
including atopic dermatitis, allergic rhinitis, and asthma
[9, 10, 13, 17]. Here, we report effects of fractions of
Chamaecyparis obtusa on allergic inflammations.

MATERIALS AND METHODS

Cell Lines and Cell Culture

RBL-2H3 cells were obtained from the Korea Cell Line
Bank (Seoul, Korea). Cells were grown in Dulbecco’s
modified Eagle’s medium containing heat-inactivated fetal
bovine serum, 2 mM L-glutamine, 100 units/ml penicillin,
and 100 pg/ml streptomycin (Invitrogen, San Diego, CA,
U.S.A.). Cultures were maintained in 5% CO, at 37°C.

Fractionation of Essential Qil

The essential oil from Chamaecyparis obtusa was
fractionated by silica gel column chromatography in
order to identify the active constituents of the essential
oil. The essential oil (240 g) was loaded on a silica gel
column (15%31 cm), which was eluted with a mixture of
hexane and ethyl acetate (20:1, v/v) at a flow rate of 20 ml/
min.

One-hundred ml each of effluents was collected in an
Erlenmeyer flask, and the total number of flasks was 417.
The effluent was divided into six groups according to the
types visualized on the TLC plate by 50% sulfuric acid
with a mixture of hexane and ethyl acetate (8:1. v/v) as
developing solvent. After concentration by rotary vacuum
evaporator, six fractions were labeled as A (#1-#54),
B (#55-#79), C #80~#137), D (#138-#213), E (#214—
#274), and F (#275—#417). Finally, after the above elution,
the residue adsorbed on silica gel was re-eluted with two
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column-bed volumes of ethyl acetate, and the effluent was
then labeled as G.

GC/MS Analysis

The active fractions of the essential oils were analyzed by gas
chromatography/mass spectrometry to identify the constituents
of active fractions. The GC (HP 6890) was equipped with
an HP-5 MS column (30 m=0.25 mmx0.25 mm), and injector
temperature and detector temperature were maintained at
250°C and 280°C, respectively. Helium was employed as
the carrier gas at 1 mi/min flow rate. The initial oven
temperature was maintained at 60°C for 10 min, and then
the temperature was raised to 280°C at a rate of 5°C/min
and finally held at the temperature for 10 min.

Mass spectrometry (HP 5973) was used at EI mode, and
the conditions were as follows: Ionization voltage, 70 eV;
emission current, 40 pA, scan rate, 1 scan/s; scan range,
35-700 m/z ion; source temperature, 200°C. The chemical
structure of each constituent was identified by comparing
mass data of their peaks with standard library data.

Measurement of ROS

IgE-sensitized cells were incubated with 5uM 2,7-
dichlorodihydrofluorescein diacetate for 30 min. For the
last Smin of incubation, DNP-HSA (100 ng/ml) was
added. After incubation, cells were immediately observed
by a laser scanning confocal microscope (LSM410, Carl
Zeiss). The samples were excited with a 488 nm Ar laser and
a 515 nm long-pass filter. About 20 cells were randomly
selected from three separate experiments. To check the
effect of each fraction on ROS production, cells were
sensitized with DNP-specific IgE (100 ng/ml). The sensitized
cells were then incubated with each fraction for 15 min
in the presence of 5 uM 2,7-dichlorodihydrofluorescein
diacetate. For the last 5 min of incubation, DNP-HSA was
added and ROS measurement was carried out as above.

B-Hexosaminidase Secretion Assay

Degranulation was determined by measuring the release
of B-hexosaminidase. RBL-2H3 cells were grown on 2%
(w/v) BSA-coated 96-well plates (2x10° cells/well) and
sensitized for 16 h with DNP-specific IgE (100 ng/ml). The
growth medium was replaced with Tyrodes’ assay buffer
[119 mM NaCl, 4.74 mM KCl, 2.5 mM CaCl,, 1.19 mM
MgSO,, 10 mM HEPES, 5 mM glucose, 0.1% (w/v) BSA,
pH 7.3]. The IgE-sensitized cells were reincubated with
the above buffer for 15 min, and then treated with various
fractions for 15 min. After treatment, the cells were
stimulated with DNP-HSA (100 ng/ml) for 1 h. Following
stimulation, the supernatant was incubated with an equal
volume of substrate solution (1 mM p-nitrophenyl N-
acetyl-beta-p-glucosamine in 0.05 M citrate buffer, pH 4.5)
for 1 h at 37°C. The enzyme reaction was stopped by the
addition of 0.05 M sodium bicarbonate buffer (pH 10.0)

and the reaction product was measured at 450 nm. To
determine the total amount of B-hexosaminidase released,
the remaining cells were lysed by assay buffer containing
1% (v/v) Triton X-100 prior to incubation with substrate
using the same procedure as for the determination of
activity in the supernatant. The inhibitory effects of fractions
on B-hexosaminidase secretion were compared with that of
ketotifen fumarate.

Western Blot Analysis

The IgE-sensitized RBL-2H3 cells were treated with each
fraction or ketotifen fumarate for 15 min and then stimulated
with DNP-HSA (100 ng/ml) for 30 min. For Western blot
analysis, cells were solubilized with lysis buffer [62.5 mM
Tris-HCI, pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol,
50 mM DTT, 0.01% (w/v) bromophenol blue, 10 mM NaF,
1% (v/v) protease inhibitor cocktail, and 1 mM sodium
orthovanadate]. The samples were boiled for 5 min, and
equal amounts of protein (20 ng/well) were analyzed on
10% SDS-PAGE. After electrophoresis, proteins were
transferred onto nitrocellulose membrane and subjected to
immunoblotting. The antibodies and dilutions included
anti-ERK (1:1,000), anti-phospho ERK(1:1,000), anti-Akt
(1:1,000), and anti-phospho Akt (1:1,000). After extensive
washing, blots were further incubated with anti-mouse or
anti-rabbit horseradish peroxidase-conjugated antibody at
a 1:3,000 dilution for 1h at room temperature and
developed using the enhanced chemiluminescence kit
(Amersham).

Calcium Influx

RBL-2H3 cells were sensitized for 16 h with DNP-specific
[gE (100 ng/ml) on 2% (w/v) BSA-coated 6-well plates.
The growth medium was then replaced with assay buffer
and the cells were exposed to 4 uM fluo-3-AM in the presence
of 1% (v/v) fetal bovine serum and 0.04% Pluronic F-127
in the dark for 45 min. The fluo-3-loaded cells were
washed three times with assay buffer, and then treated with
each fraction for 5min. The cells were immediately
stimulated with DNP-HSA (100 ng/ml), and the change
of fluo-3 fluorescence was monitored at an excitation
wavelength of 488 nm and emission wavelength of 540 nm.

RESULTS AND DiscussioN

Fractions of Chamaecyparis obtusa Decrease -
Hexosaminidase Secretion from Antigen-Stimulated
RBL Cells

RBL (rat basophilic leukemia) cells were employed to
determine the effect of fractions of Chamaecyparis obtusa
on the secretion of -hexosaminidase, since 3-hexosaminidase
secretion is the hallmark of an allergic reaction resulting
from allergen exposure. Antigen stimulation led to an
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Fig. 1. Effects of various fractions of Chamaecyparis obtusa on B-hexosaminidase secretion from antigen-stimulated RBL-2H3 cells.
A. RBL-2H3 cells were sensitized for 16 h with DNP-specific IgE (100 ng/ml), and stimulated with various concentrations of DNP-HSA 0,0.1, 1, 10, 100,
500 ng/ml). The enzyme activities of (-hexosaminidase in the supernatant and solubilized cells were measured with p-nitrophenyl N-acetyl-beta-p-
glucosamine. * P<0.01 compared with test without DNP-HSA challenge. RBL-2H3 cells were sensitized for 16 h with DNP-specific IgE (100 ng/ml), and
treated with ketotifen fumarate (100 pM), or total fraction (B) or various fractions (C—G) of Chamaecyparis obtusa for 15 min. The significance between
each control group and experimental group was analyzed by the student’s 7 test. Asterisks denote statistical significance.
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Fig. 2. Practions of Chamaecyparis obtusa decrease ROS from antigen-stimulated RBL-2H3 cells,
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A. The IgE-sensitized RBL-2H3 cells were treated with ketotifen fumarate (100 M) or total fraction or each fraction for 15 min. The ceills were then
incubated with 5 uM 2,7-dichlorodihydrofluorescin diacetate. For the last 5 min of incubation, DNP-HSA (100 ng/ml) was added. After incubation, cells

were immediately observed by a laser scanning confocal microscope (LSM410, Carl Zeiss). B. RBL-2H3 cells were treated with H,0, (10 pM) for various
time intervals. At each time point, cell lysates were prepared and Western blot analysis was carried out.



1750  CHOI et al.

increased secretion of -hexosaminidase from RBL-2H3
cells in a dose-dependent manner (Fig. 1A). Next, we
determined the effects of fractions of Chamaecyparis
obtusa on B-hexosaminidase secretion from antigen-stimulated
cells. For this, total or each fraction was added to
IgE-sensitized RBL cells for 15min, and followed
by stimulation with DNP-HSA (100 ng/ml). Fraction
alone without antigen stimulation did not affect B3-
hexosaminidase secretion (data not shown). However, total
and fractions A, E, and F of Chamaecyparis obtusa
significantly decreased P-hexosaminidase secretion from .
antigen-stimulated cells (Figs. 1B—1G). Ketotifen fumarate,
an antiallergic drug, also decreased the B-hexosaminidase
secretion. These results suggest that fractions of Chamaecyparis
obtusa inhibit allergic inflammation.

Fractions of Chamaecyparis obtusa Decrease ROS
from Antigen-Stimulated RBL-2H3 Cells, and ROS
Increases Phosphorylation of ERK

RBL-2H3 cells release ROS in response to various stimuli
[11,18]. We therefore examined whether fractions of
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Chamaecyparis obtusa affected ROS production from
antigen-stimulated RBL-2H3 cells. Total and each fraction
of Chamaecyparis obtusa significantly decreased ROS
from antigen-stimulated RBL-2H3 cells (Fig. 2A). Next,
the downstream target of ROS was determined. Addition of
H,0, (10 uM) increased phosphorylation of ERK (Fig. 2B),
suggesting that ERK is a downstream target of ROS.

Fractions of Chamaecyparis obtusa Decrease Calcium
Influx and Phosphorylation of ERK in Antigen-
Stimulated RBL Cells

RBL-2H3 cells increase phosphorylation of ERK in response
to antigen stimulation [14]. Therefore, we examined whether
fractions of Chamaecyparis obtusa affected phosphorylation
of signaling molecules. Antigen stimulation led to increased
phosphorylation of ERK, and ketotifen fumarate decreased
the phosphorylation in antigen-stimulated RBL cells
(Fig. 3A). We did not observe activation of p38 MAPK or
Akt (data not shown). Fractions A, E, and F significantly
decreased the phosphorylatin of ERK in antigen-stimulated
RBL cells (Fig. 3B). The inhibition of ERK by PD98059
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Fig. 3. Fractions of Chamaecyparis obtusa decrease phosphorylation of ERK and calcium influx.

A. The IgE-sensitized RBL-2H3 cells were treated with or without ketotifen fumarate (100 uM) for 15 min. Then, the cells were stimulated with DNP-HSA
(100 ng/ml). After stimulation, protein extracts were prepared and subjected to Western blot analysis using anti-ERK, anti-phospho ERK, anti-p38 MAPK,
or anti-phospho p38 MAPK antibodies. KF denotes ketotifen fumarate. B. The 1gE-sensitized RBL-2H3 cells were treated with ketotifen fumarate (100 uM)
or each fraction for 15 min. After treatment, the cells were stimulated with DNP-HSA (100 ng/ml). Western blot analysis was carried out as above. C. The
IgE-sensitized RBL-2H3 cells were treated with ketotifen- fumarate (100 uM) for 15 min or PD98059 for various time intervals. The cells were then
stimulated with DNP-HSA (100 ng/ml). Secretion of B-hexosaminidase from antigen-stimulated RBL-2H3 cells was measured as described. D. Ca®*
responses in RBL-2H3 cells were measured by using fluo-3-AM (4 uM). The IgE-sensitized RBL-2H3 cells were loaded with fluo-3-AM (4 pM). After 1 h
of incubation, the cells were then treated with or without each fraction for 15 min. The cells were immediately placed on the FLIPR (Molecular Device) and
stimulated with DNP-HSA (100 ng/ml).



(20 pM) decreased the secretion of B-hexosaminidase from
antigen-stimulated RBL-2H3 cells (Fig. 3C), suggesting
that the activation of ERK is necessary for the secretion of
B-hexosaminidase. It is known that antigen stimulation
leads to increase in calcium influx. We, therefore, examined
whether each fraction affected calcium influx in antigen-
stimulated RBL-2H3 cells, and found that antigen-stimulated
RBL-2H3 cells showed significant increase in calcium
influx, whereas fractions of Chamaecyparis obtusa showed
opposite effects (Fig. 3D). Furthermore, the inhibition of
ERK by PD98059 significantly decreased calcium influx
in antigen-stimulated RBL-2H3 cells (data not shown),
suggesting that the activation of ERK is required for
calcium influx.

GC/MS Analysis of Fractions of Chamaecyparis obtusa

Table 1 summarized the major constituents of A, D, E, .

and F fractions identified by GC/MS analysis. The major
constituents of A fraction were sabinene (15.46%), limonene
(11%), alpha-pinene (7.06%), beta-myrcene (6.34%), gamma-
terpinene (5.75%), thujopsene (4.85%), and cardinene.
The content of monoterpenes in the fraction A was higher
than those of sesquiterpenes.

Fraction D was mainly composed of terpinene-4-ol
(53.01%), delta-cadinene (9.55%), delta-selinene (6.33%),
nerolidol (3.81), and alpha-cedrol (5.1%).

In fraction E, eudesmol (21.32%), alpha-cedrol (19.66%),
terpinene-4-ol (10.52%), elemol (6.69%), and terpineol
(4.94%) were detected. Alpha-cedrol and eudesmol comprised
40% of the fraction E, and elemol, which was not detected
in the fraction D, was identified in this fraction.
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In fraction F, the major constituents identified by GC/

MS included elemol (33%), 2-naphthalenemethanol (22.23%),

" gamma-eudesmol (13.26%), alpha-terpineol (3.62%), and
borneol L (2.62%).

Even though there was quantitative difference between
the fractions, alpha-cedrol was detected in three fractions;
D, E, and F. In addition, elemo} and eudesmol were identified
in both fractions E and F. Terpinene-4-ol comprised a large
portion of the fraction D. It should be mentioned that
linalool and alpha-terpineol have been reported to be the
most active antibacterial components of tea tree oil [4, 5],
which could possibly influence the bacterial cell wall.

In this study, various fractions of Chamaecyparis obtusa
showed potential antiallergic functions by decreasing
secretion of B-hexosaminidase, calcium influx, ROS, and
phosphorylation of ERK. We also identified constituents of
various fractions. Therefore, it would be necessary to
further examine the effect of constituents of each fraction
on allergic inflammation.
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Table 1. The major constituents of active fractions identified by GC/MS analysis.

Fraction Constituents Area (%) Fraction Constituents Area (%)
A Alpha-pinene 7.06 E 1-Octen-3-ol 2.75
Sabinene 15.46 Terpineol 4.49
Beta-myrcene 6.34 Linalool 1.74
Deita-3-carene 5.04 2-Cyclohexen-1-o0l 1.85
Alpha-terpinene 2.49 Exo-methyl-camphenilol 0.90
1-Methyl-2-(1-methyl)-benzene 3.44 Terpinene-4-ol 10.52
Limonene 11.00 Elemol 6.69
Gamma-terpinene 5.78 Alpha-cedrol 19.66
Thujopsene 4.85 Gamma-eudesmol 13.17
(+)-Epi-bicyclosesquiphellandrene 3.54 Alpha-cadinol 9.84
Epizonaren 2.45 (+)-Delta-selinene 1.00
Gamma-cadinene . - 2.18 Alpha-eudesmol 8.15
Delta-cadinene 2.95 -
F Trans-sabinene hydrate 2.59
13-Methyl-17-norkaur-15-ene 5.78 Cis-sabinene hydrate 216
D Linalool 2.50 2-Cyclohexen-1-ol 1.33
Terpinene-4-0] 53.08 Bomneol L 2.62
Nerolidol 3.81 Alpha-terpinene 3.62
Alpha-cedrol 5.10 Elemol 33.09
Delta-selinene 6.33 Alpha-cedrol 1.91
Delta-cadinene 9.55 Gamma-eudesmol 13.26
Levomenol 4.32 2-Naphthalenemethanol 2233
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