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Several isolated compounds from the wood part of Thujopsis dolabrata were evaluated for their inhibi-
tory effects against antigen-induced mast cell degranulation and interleukin-4 (IL-4) secretion, as well as 
IL-4 mRNA and protein expression in immunoglobulin E (IgE)-sensitized RBL-2H3 cells. Among the five 
isolated compounds, (−)-elema-1,3,11(13)-trien-12-ol (1) and thujopsene (2) exhibited the potent inhibitory ac-
tivity against mast cell degranulation measured by β-hexosaminidase release with IC50 values of 27.4 µm and 
25.1 µm, respectively. These compounds also inhibited the release of IL-4 (IC50 values of 7.0, 6.7 µm, respec-
tively), IL-4 mRNA expression (IC50 values of 16.5, 7.2 µm, respectively) and IL-4 protein expression (IC50 
values of 17.0, 9.6 µm, respectively) in antigen-induced IgE-sensitized RBL-2H3 cells. These results suggested 
that (−)-elema-1,3,11(13)-trien-12-ol (1) and thujopsene (2) effectively inhibits mast cell degranulation as well 
as IL-4 production, suggesting that these compounds from Thujopsis dolabrata can be used as candidates for 
IgE-mediated allergic disorders.
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The past two decades have witnessed a dramatic increase in 
the prevalence of allergic diseases.1–4) Allergic diseases are a 
chronic disorder that is characterized by asthma, rhinitis, and 
atopic dermatitis. New therapeutic agents are urgently needed 
since it is still difficult to control and cure with currently used 
drugs for allergic diseases. Although environmental factors 
are important in the development of allergic diseases, and the 
etiology is not fully understood, many pathological molecules 
involved in this disease have been identified.5,6)

It was previously reported that rat basophilic leukemia 
RBL-2H3 cells are a mucosal mast cell type that is a major 
model for the study of immunoglobulin E (IgE)-mediated 
degranulation7,8) and the stimulation of RBL-2H3 cells with 
IgE-specific antigen can mimic cell activation by allergens 
under physiological conditions. Mast cells and basophils play 
a central role in allergic reactions mediated by IgE.9) The in-
teraction of multivalent allergens to specific IgE bound to the 
IgE receptor (FCeRI) on the mast cells leads to the release 
of inflammatory mediators such as histamine, serotonin, and 
arachidonic acid metabolites.10,11)

During immediate-type allergy (type I hypersensitivity), 
histamine is released from the activated mast cells via a de-
granulation process by IgE-allergenic stimulation.10) Mast 
cell secretory granules contain β-hexosaminidase,12) which is 
released in a quantitative relation to histamine release after 
the immunologic stimulation of the cells. It was suggested 
that special intra-cellular and extra-cellular functions for 
the mast cell granule could be detected by the contents of 
β-hexosaminidase and by the stimulus for mast cell activa-
tion.13) Thus, the measurement of β-hexosaminidase release 

could be used as a biomarker of the allergic response of the 
mast cells degranulation.13–15)

Cytokines play a pivotal role in the development of allergy 
by regulating the expansion of T helper 2 (Th2) cells and by 
mediating many of the functions of Th2 effectors that under-
lie the pathogenic events of allergic responses. Interleukin-4 
(IL-4) is a Th2 cytokine that participates in the immune re-
sponses against parasitic infections and in the development of 
allergic diseases playing an essential role in IgE regulation in 
the induction of Th2 phenotype differentiation on T cells.16)

In hematopoietic cells, IL-4 exerts its activities by inter-
acting with a specific cell surface receptor comprised of a 
binding component, IL-4Rα, and the common cytokine recep-
tor γ-chain (γC), which is shared by multiple cytokine recep-
tors.17,18) The binding of IL-4 to the IL-4 receptor (IL-4R) 
induces the initial response for Th2 lymphocyte polarization. 
The IL-4 produced by Th2 cells is capable of inducing the 
isotype class-switching of B-cells to produce IgE after aller-
gen exposure.19,20)

Thujopsis dolabrata, which belongs to the cypress fam-
ily (Cupressaceae), is an endemic tree in Japan. The seeds, 
leaves, trunks, and branches contain characteristic second-
ary metabolites such as sesquiterpenes and hinokitiol-related 
compounds,21) and their reported bioactivities were anti-
fungal,21) antimicrobial,22–24) antiplatelet,25) insecticidal, and 
acaricidal activity.26) (−)-Elema-1,3,11(13)-trien-12-ol (1) has 
been reported that (−)-elema-1,3,11(13)-trien-12-ol (1) has 
inhibitory effects on Na+/K+-ATPase activity27) and inhibits 
lipopolysaccharide (LPS)-induced nitric oxide (NO) produc-
tion,28) and thujopsene (2) has antibacterial activity.27) In 
our previous study, it was reported that essential oil from 
Thujopsis dolobrata reduced both serum levels of histamine 
and IgE in atopic dermatitis (AD)-like skin lesions induced 
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by 2,4-dinitrochlorobenzene (DNCB) in NC/Nga mice, and 
furthermore it presented a mast cell stabilizing effect by in-
hibiting the release of β-hexosaminidase from antigen-induced 
RBL-2H3 mast cells.29)

In present study, two compounds, (−)-elema-1,3,11(13)-
trien-12-ol (1) and thujopsene (2) isolated from essential oil 
of Thujopsis dolabrata were investigated for the inhibition of 
mast cell degranulation, IL-4 secretion, and IL-4 mRNA and 
protein expression in antigen-induced RBL-2H3 mast cells.

Materials and Methods

Plant Material ​ Wood part of Thujopsis dolabrata (Cu-
pressaceae) were collected from Chunlanam-do, Korea in 
2008 and identified by Dr. Hak Ju Lee (Korea Forest Research 
Institute). A voucher specimen (NPRI-CN02) is on deposit at 
the Natural Products Research Institute, College of Pharmacy, 
Seoul National University.

Extraction and Isolation ​ The wood part of Thujopsis do-
labrata (10 kg) was steam distilled for 3 h using a Clevenger-
type apparatus, yielding 141 g of essential oil. An aliquot of 
the essential oil (54.9 g) was partitioned between n-hexane 
(43.6 g) and 15% aq. MeOH (7.8 g). An aliquot of the n-hexane 
(10.5 g) was subjected to silica normal-phase vacuum flash 
chromatography using sequential mixtures of n-hexane and 
EtOAc as eluents (elution order: 100% n-hexane, 10%, 20%, 
30%, 40%, 50%, 60%, 70% EtOAc in n-hexane, and 100% 
EtOAc), 100% acetone, and 100% MeOH. Inhibitory effects 
of β-hexosaminidase released in antigen-induced mast cells 
were measured from each fraction and a bioactivity-guided 
fractionation procedure followed.

A portion (537 mg) of the fraction eluted with 20% EtOAc 
in n-hexane from flash chromatography was separated by re-
versed-phase HPLC (15% aq. MeOH), then further purified by 
reversed-phase HPLC (55% aq. MeCN) to afford 11.6 mg and 
14.3 of (−)-elema-1,3,11(13)-trien-12-ol (1)30) and thujopsene-
12-ol (3),27) respectively.

The aliquot (551 mg) of the fraction eluted with 100% n-
hexane from flash chromatography was separated by silica 
HPLC (YMC-silica, 100% n-hexane), then further purified by 
reversed-phase HPLC (YMC ODS-A column, 1 cm×25 cm, 
5% aq. MeOH) to afford 451.4 and 14.3 mg of thujopsene (2)27) 
and cuparene (4),27) respectively.

Finally an aliquot (289 mg) of the fraction eluted with 30% 
EtOAc in n-hexane from flash chromatography was separated 
by reversed-phase HPLC (25% aq MeOH) to afford 5.3, 6.1, 
7.4 mg of (−)-elema-1,3,11(13)-trien-12-ol (1), thujopsene-12-ol 
(3), and γ-cuparenol (5),27) respectively.

Based upon the results of combined spectroscopic analysis 
and comparison of the 1H- and 13C-NMR spectral data, the 
purified compounds exhibited a comparable spectroscopy to 
previously published values.

Materials ​ Dulbecco’s modified Eagle’s medium (DMEM) 
was purchased from Sigma-Aldrich (St. Louis, U.S.A.). Fetal 
bovine serum (FBS) was purchased from Gibco (Carlsbad, 
U.S.A.). Monoclonal anti-dinitrophenyl (DNP)-IgE and 
4-nitrophenyl-N-acetyl-β-d-glucosaminide were purchased 
from Sigma-Aldrich (St. Louis, MO, U.S.A.). DNP-conjugated 
bovine serum albumin (DNP-BSA) were obtained from In-
vitrogen (Carlsbad, U.S.A.). ONE-STEP reverse transcrip-
tion-polymerase chain reaction (RT-PCR) PreMix kit and 

easy-BLUE®, total RNA extraction kit, PRO-PREP protein 
extraction solution and WEST-ZOL® plus were purchased 
from iNtRON (Kyunggi, Korea). IL-4 mouse monoclonal IgG 
was purchased from Santa Cruz Biotechnology, Inc. (CA, 
U.S.A.). Rat IL-4 Platinum enzyme-linked immunosorbent 
assay (ELISA) kit was purchased from eBioscience (San 
Diego, U.S.A.).

Cell Culture ​ The Rat basophilic leukemia (RBL-2H3) 
cells (ATCC No. CRL-2256) were grown in 37°C in 5% CO2 
in DMEM supplemented with 8% FBS, 100 U/mL penicillin, 
and 100 µg/mL streptomycin.

Cell Viability Assay ​ Cell viability assay was conducted 
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay.31) RBL-2H3 cells (5×104 cells/well) were 
cultured into a 96-well plate for 24 h and incubated with 
various concentrations of samples (0.32–200 µm) for another 
24 h. Cell viability was determined by treatment with MTT 
dissolved in phenol-red free medium (250 µg/mL) at 37°C for 
4 h. The medium was carefully removed and resuspended with 
250 µL of dimethyl sulfoxide (DMSO) and the production of 
the colored MTT metabolite formazan was quantified by mea-
suring at 595 nm using a microplate reader. Values obtained 
from untreated cells were considered to represent 100% vi-
ability.
β-Hexosaminidase Release Assay ​ RBL-2H3 cells were 

plated in 96-well plates (5×105 cells/well) using DMEM 
with 10% FBS, incubated for 24 h with anti-DNP IgE (1 µg/
mL) for sensitization, and the cells were washed with N-(2-
hydroxyethyl)piperazine-N′-2-ethanesulfonic acid (HEPES) 
buffer (pH 7.2) to eliminate free IgE. Samples were then 
treated for 20 min with different concentrations (1.6, 8, 20, 
40 µm) in releasing buffer (116.9 mm NaCl, 5.4 mm KCl, 0.8 mm 
MgSO4·7H2O, 5.6 mm glucose, 25 mm HEPES, 2.0 mm CaCl2 
and 1.0 mg/mL BSA at pH 7.7). After that, DNP-BSA (400 ng/
mL) was incubated for 1 h for mast cell activation and de-
granulation and the reaction was stopped by cooling in an 
ice bath for 20 min. After centrifugation, the supernatant 
was transferred into 96-well plates and 5 mm of substrate (p-
nitrophenyl-N-acetyl-β-d-glucosaminide) solution was mixed 
and incubated for 90 min at 37°C. The reaction was stopped 
by the addition of 0.1 m Na2CO3/NaHCO3 (200 µL/well) and 
the absorbance was measured at 405 nm.32)

Cytokine Secretion Assay ​ RBL-2H3 cells (1×106 cells/
well) were plated in 6-well, incubated with anti-DNP-IgE 
for 24 h, and washed with PBS buffer to eliminate free IgE. 
The cells were then pre-treated with different concentrations 
of samples in fresh media for 3 h, and induced by antigen 
(400 ng/mL of DNP-BSA) in fresh media for additional 2 h, 
and supernatants were used for the measurement of cytokines 
using Rat IL-4 Platinum ELISA kit according to manufac-
turer’s instruction (eBioscience, San Diego, U.S.A.).

RT-PCR ​ RBL-2H3 cells (5×105 cells/well) were plated 
onto 12-well plates. The cells were sensitized with anti-DNP-
IgE (1 µg/mL) for 24 h at 37°C. The cells were washed with 
PBS buffer to eliminate free IgE. After washing, the cells 
were pre-treated at 37°C for 3 h with different concentrations 
of samples in fresh media, and incubated at 37°C for addition-
al 1 h with antigen (400 ng/mL of DNP-BSA) in fresh media. 
After antigen-stimulation, total RNA was isolated by using 
easy-BLUE® (iNtRON, Kyunggi, Korea). cDNA synthesis 
was performed from 1 µg of total RNA by using ONE-STEP 
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RT-PCR PreMix kit (iNtRON, Kyunggi, Korea). The following 
primer pairs were synthesized. IL-4, forward 5′-ACC TTG 
CTG TCA CCC TGT TC-3′ and reverse 5′-TTG TGA GCG 
TGG ACT CAT TC-3′; β-actin, forward 5′-GAC CCA GAT 
CAT GTT TGA GA-3′ and reverse 5′-GCT TGC TGA TCC 
ACA TCT GC-3′. The denaturation, annealing, extension, and 
cycle conditions were as follows: IL-4: 94°C for 45 s, 58°C for 
45 s and 72°C for 45 s and 35 cycles; β-actin: 94°C for 45 s, 
55°C for 45 s and 72°C for 45 s and 25 cycles. The PCR reac-
tion was performed with a GeneAmp PCR System 9700 (Ap-
plied Biosystems, Carlsbad, U.S.A.). The PCR products were 
electrophoresed in 1.5% (w/v) agarose gels and stained with 
SYBR Safe DNA gel stain (Invitrogen, Calsbad, U.S.A.). The 

detection and densitometric analysis of bands were performed 
with an image analyzer, LAS 1000plus (FUJIFILM, Tokyo, 
Japan) and Multi Gauge software (FUJIFILM, Tokyo, Japan). 
The sizes of bands were confirmed with reference to molecu-
lar size markers, 100 bp DNA Ladder Marker (TaKaRa, Shiga, 
Japan). The value of each cytokine mRNA was normalized to 
the amount of β-actin signal.33)

Immunoblotting ​ RBL-2H3 cells (1×106 cells/well) were 
cultured for 24 h in 6-well, and then pre-treated with differ-
ent concentrations of samples for 3 h and incubated at 37°C 
for additional 2 h with DNP-BSA (4 µg/mL) in fresh media. 
Then cells were lysed by PRO-PREP™ protein extraction so-
lution (iNtRON, Kyunggi, Korea) for 20 min at −20°C. After 

Fig.  1.  Chemical Structures of Isolated Compounds from Thujopsis dolabrata

Fig.  2.	 Inhibitory Effect of (−)-Elema-1,3,11(13)-trien-12-ol (1) and Thujopsene (2) on β-Hexosaminidase Release from Antigen-Induced RBL-2H3 
Cells

Ketotifen was used as a positive control compound. Data are expressed as mean±S.D. (## p<0.01, compared with control group, * p<0.05, ** p<0.01, compared with 
DNP-BSA treatment group). All data were obtained from at least three independent experiments.
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Fig.  3.  Inhibitory Effect of (−)-Elema-1,3,11(13)-trien-12-ol (1) and Thujopsene (2) on the Secretion of IL-4 in Antigen-Induced RBL-2H3 Cells
Ketotifen was used as a positive control compound. Data are expressed as mean±S.D. (## p<0.01, compared with control group, * p<0.05, ** p<0.01, compared with 

DNP-BSA treatment group). All data were obtained from at least three independent experiments.

Fig.  4.  Inhibitory Effect of (−)-Elema-1,3,11(13)-trien-12-ol (1) and Thujopsene (2) on IL-4 mRNA Expression in Antigen-Induced RBL-2H3 Cells
IL-4 mRNA expression was quantified using Image J software. Ketotifen was used as a positive control compound. Data are expressed as mean±S.D. (# p<0.05, 

## p<0.01, compared with control group, * p<0.05, ** p<0.01, compared with DNP-BSA treatment group). All data were obtained from at least three independent experi-
ments.

Fig.  5.  Inhibitory Effect of (−)-Elema-1,3,11(13)-trien-12-ol (1) and Thujopsene (2) on IL-4 Protein Expression in Antigen-Induced RBL-2H3 Cells
IL-4 protein expression was quantified using Image J software. Ketotifen was used as a positive control compound. Data are expressed as mean±S.D. (# p<0.05, com-

pared with control group, * p<0.05, ** p<0.01, compared with DNP-BSA treatment group). All data were obtained from at least three independent experiments.
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incubation, lysates were centrifuged at 13000 rpm for 10 min 
at 4°C for clarification. Protein (20 µg) was separated by 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), transferred to polyvinylidene difluoride (PVDF) 
transfer membrane, and blocked with 5% skim milk at room 
temperature for 2 h. IL-4 mouse monoclonal IgG (1 : 1000, 
Santa Cruz Biotechnology, CA, U.S.A.) were incubated with 
membranes at 4°C overnight. Membranes were then probed 
with horseradish peroxidase-conjugated goat anti-rabbit IgG 
as secondary antibodies for 1 h and developed with West-
zol™ plus (iNtRON, Kyunggi, Korea). Immunoreactivity was 
detected by an image analyzer, LAS-1000plus (FUJIFILM, 
Tokyo, Japan).34)

Statistical Analysis ​ All data are expressed as mean S.D. 
of at least four independent experiments performed. Statisti-
cal significance was determined by using GraphPad Prism 
(GraphPad Software, CA, U.S.A.). The differences among 
groups were evaluated by one-way analysis of variance 
(ANOVA) test with Bonferroni’s multiple comparisons. A 
value of p<0.05 was considered to be statistically significant.

Results and Discussion

Allergic reactions are stated by uptake of allergens and are 
recognized by antigen-presenting cells.35) Recognized cells 
affect the precursor state of T helper cells to differentiate TH 
type 1 cells and TH type 2 cells. T helper cells affected by al-
lergens simply prefer to differentiated into TH type 2 cell and 
this leads to an inappropriate balance between TH type 1 and 
TH type 2 responses resulting allergic reactions.36)

Five compounds, (−)-elema-1,3,11(13)-trien-12-ol (1), thu-
jopsene (2), thujopsene-12-ol (3), cuparene (4), and γ-cuparenol 
(5), were isolated from the wood part of Thujopsis dolabrata 
(Fig. 1). All five compounds were tested for their cytotoxicity 
in RBL-2H3 cells determined by using MTT assay at various 
concentrations and these showed no significant cytotoxicity at 
concentrations below 100 µm (Fig. 1S).

The interaction of allergens with IgE-sensitized mast cells 
stimulates cells to degranulate and release allergic mediators 
such as histamine, serotonin, β-hexosaminidase37) and cyto-
kines, including IL-4 and IL-5.38) The inhibition of mast cell 
degranulation was determined by measuring the release of 
β-hexosaminidase in antigen-induced RBL-2H3 cells. (−)-El-
ema-1,3,11(13)-trien-12-ol (1) and thujopsene (2) and revealed 
an inhibitory effects with IC50 values of 27.4 µm and 25.1 µm, 
respectively, whereas thujopsene-12-ol (3), cuparene (4) and 

γ-cuparenol (5) revealed no significant effect at concentrations 
tested (IC50 values >100 µm). A positive control compound, 
ketotifen, well-known as an H-1 antagonist and a mast cell 
stabilizer,39,40) showed an IC50 value of 16.5 µm (Fig. 2).

Interleukin-4 is a cytokine that regulates multiple biological 
processes during immune responses.41) It can regulate prolif-
eration, differentiation, and apoptosis in lymphocytes and in 
other cell types of hemological and nonhemological origin.42) 
One of the important effects of IL-4 is the regulation of T cell 
differentiation, and IL-4-driven Th2 cell differentiation is an 
important step during responses against parasitic infections.43) 
In contrast, alterations of IL-4 and its signaling machinery 
are believed to participate in the progression of diseases like 
autoimmunity, allergy, and cancer.44) (−)-Elema-1,3,11(13)-
trien-12-ol (1) and thujopsene (2) and were further tested for 
inhibitory effect on IL-4 secretion and IL-4 mRNA/protein 
expression levels in antigen-induced RBL-2H3 cells. Treat-
ment with (−)-elema-1,3,11(13)-trien-12-ol (1) and thujopsene 
(2) decreased the IL-4 secretion (IC50 values of 7.0, 6.7 µm, 
respectively) (Fig. 3), IL-4 mRNA expression (IC50 values of 
16.5, 7.2 µm, respectively) (Fig. 4) and IL-4 protein expression 
(IC50 value of 17.0, 9.6 µm, respectively) (Fig. 5) levels. This 
inhibitory effect of (−)-elema-1,3,11(13)-trien-12-ol (1) and 
thujopsene (2) were as potent as that of the positive control 
compound, ketotifen, previously reported as an inhibitor of 
IL-4 expression14) (Table 1). Whereas compounds 3, 4, and 
5 showed no effect at concentrations tested (data not shown). 
Ketotifen inhibits IL-4 secretion (IC50 value of 6.0 µm) (Fig. 
3C), IL-4 mRNA expression (IC50 value of 7.2 µm) (Fig. 4C), 
and IL-4 protein expression (IC50 value of 7.6 µm) (Fig. 5C) 
levels. Thujopsene-12-ol (3), cuparene (4) and γ-cuparenol (5) 
revealed no significant effect at concentrations tested (IC50 
values >100 µm). IL-4 derived from mast cells are believed 
to mediate late allergic symptoms.41) A previous study re-
ported that potentiation of anti-IgE-induced degranulation 
was augmented in mast cells cultured with IL-4.45) Also IL-4 
derived from mast cells are believed to mediated late allergic 
symptoms,41) and suppression of cytokine expression including 
IL-4 has been reported to attribute to the alleviation of al-
lergic symptoms.14) Thus, the inhibitory effects of (−)-elema-
1,3,11(13)-trien-12-ol (1) and thujopsene (2) on mast cell de-
granulation might be explained by their abilities to suppress 
IL-4 expression. It is still unclear and needs to be tested how 
these compound (1) and (2) suppress IL-4 expression. A study 
has suggested that (−)-elema-1,3,11(13)-trien-12-ol (1) inhibits 
nitric oxide (NO) production46) which crucially depends on the 

Table  1.	 Inhibitory Effect of Compounds from Thujopsis dolabrata on the Release of β-Hexosaminidase, IL-4 Secretion, IL-4 mRNA and Protein Ex-
pression in Antigen-Induced RBL-2H3 Cells

Compounds
IC50

b) (µm)

β-Hexosaminidase release IL-4 secretion IL-4 mRNA expression IL-4 protein expression

(−)-Elema-1,3,11(13)-trien-12-ol (1) 27.4±1.6 7.0±0.9 16.5±1.0 17.0±1.2
Thujopsene (2) 25.1±0.9 6.7±0.2 7.2±0.6 9.6±0.1
Thujopsene 12-ol (3) >100 >100 >100 >100
Cuparene (4) >100 >100 >100 >100
γ-Cuparenol (5) >100 >100 >100 >100
Ketotifena) 16.5±0.3 6.0±0.2 7.2±0.2 7.6±0.5
a) This compound was used as a positive control (Passante et al., 2009). b) IC50 value represents the concentration giving 50% inhibitory measure of the effectiveness in 

antigen-induced RBL-2H3 cells. The values were determined in a semilogarithmic graph depicting the relationship between at least 4 different concentrations of compounds and 
the each percentage of inhibition. Each value represents the mean±S.D. from at least three independent experiments.
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activity of nuclear factor kappa B (NF-κB).47) Since NF-κB 
is known as a key transcription factor for cytokines,48,49) this 
pathway would be a plausible target to investigate the mode 
of action by of (−)-elema-1,3,11(13)-trien-12-ol (1) and thu-
jopsene (2).

In this report it was demonstrated that (−)-elema-1,3,11(13)-
trien-12-ol (1) and thujopsene (2) dose-dependently inhibited 
the release of β-hexosaminidase, the secretion of IL-4 and 
IL-4 mRNA/protein expression levels in antigen-induced 
RBL-2H3 cells without causing significant cytotoxicity at 
concentrations tested. Based on our investigation, (−)-elema-
1,3,11(13)-trien-12-ol (1) and thujopsene (2) might be used as 
potential candidates for allergic disorders.
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