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ABSTRACT

The aim of this study was to evaluate the anti-inflammatory effects of essential oils extracted from the wood of
Chamaecyparis obtusa, Pinus densiflora, Pinus koraiensis, and Larix kaempferi. Essential oils were extracted by
hydrodistillation, and their chemical components were determined by GC/MS. Major chemical components of these essential
oils were a-cadinol (19.25%), -muurolol (14.20%), and a-pinene (13.74%) in C. obtusa; o-pinene (47.16%), longifolene
(14.31%), p-phellandrene (11.78%), and S-pinene (11.02%) in P. densiflora; o-pinene (13.49%) and longifolene (10.79%)
in P. koraiensis, and geranyl linalool (23.58%) and a-pinene (18.57%) in L. kaempferi. To evaluate the anti-inflammatory
effects of essential oils, lipopolysaccharide (LPS)-induced RBL-2H3 mast cells were treated with these essential oils;
then, the changes in the mRNA expression level of the cytokines IL-4 and IL-13 were examined. Further, degranulation
was evaluated by measuring f-hexosaminidase release. After LPS-induced RBL-2H3 mast cells were exposed to 10 7%
of all types of essential oils, the gene expression levels of IL-4 and IL-13 within the cells remarkably decreased. The
relative mRNA expression level of IL-4 was 69.6% in P. densiflora, 63.2% in P. koraiensis, 55.1% in C. obtusa, and
45.8% in L. kaempferi compared with that in the group treated with LPS. The mRNA expression level of L-13 should
a similar trend. The inhibitory rate of IL-13 mRNA expression of P. densiflora, P. koraiensis, C. obtusa, and L. kaempferi
was 57.8%, 57.1%, 51.1%, and 34.5%, respectively. f-Hexosaminidase release significantly decreased following the treatment
with the four types of essential oils. The rate of f-hexosaminidase release were 38.1% C. obtusa; 33.0% P. densiflora;
27.4% P. koraiensis; and 9.1% L. kaempferi. Among all types of essential oils, that extracted from P. densiflora wood
showed the highest anti-inflammatory activity. These results show that the tested essential oils exert an anti-inflammatory
effect through the inhibition of degranulation and expression of cytokines.

Keywords: Chamaecyparis obtusa, Pinus densiflora, Pinus koraiensis, Larix kaempferi, essential oil, anti-inflammatory
effect

1. INTRODUCTION (2,339,000 ha) is occupied by coniferous forest that
cover a larger proportion of the land than broadleaf

Forests account for approximately 64% (6,335,000 forest [32.0% (2,029,000 ha)] (Kong, 2004). Based on

ha) of the national territory of Korea, of which 36.9% species, coniferous forest occupies a vast amount of
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the land [43.7% (403971300 m’, 172.7 m’/ha)] (Korea
Forest Service, Basic Statistics of Forests, 2016).
Among coniferous trees, cypress, pine, pine nut, and
Japanese larch are used for timber (Korea Forest Service,
Basic Statistics of Forests, 2016). Since cypress
(Chamaecyparis obtusa Sieb. et Zucc.) was first
introduced from Japan in 1904, it has been planted
in the southern area as an economic species, and it
has continuously been cultivated by national projects
to develop more green areas (Lee et al., 2014). Cypress
timber is considered high-quality wood with a unique
scent; thus, it is widely used in architecture and
manufacture of high-end furniture. Cypress extract
contains various substances, of which bioactive
substances are well known. All parts of pine (Pinus
densiflora Sieb. et Zucc.), an evergreen softwood
species, are very useful because its leaf, conifer cone,
and pine resin are widely used. Pine are also used in
home remedies for the treatment of diseases such as
neuralgia, diabetes, and hypertension (Cho et al., 2009).
Among other local tree species, pine is particularly
closely related to the local community. Indeed, it has
been regarded as a vital tree species in terms of cultural
value.

Pine nut (P. koraiensis Sieb. et Zucc.) offers double
benefits because it provides timber and edible seeds.
Because of its robust tolerance to cold and resistance
against damages caused by blights and harmful insects,
its plantation has long been recommended by the
government considering its potential as a long-term
source of timber since the 1960s. Japanese larch (Larix
kaempferi Lamb.) was introduced from Japan in the
1910s, it has been planted across the country, because
of its rapid growth, and is used for artificial forests
and is widely used in the manufacture of wooden
products and architectural materials (Kang et al., 2016;
Han et al., 2017). Korea’s appreciation toward forests
is deepening, and the demand for the use of these forests

is diversifying. Pine, pine nut, and Japanese larch are

the tree species that are harvested across the country
on a large scale. Thus, research to enhance the use of
locally accumulated resources and their byproducts
following woodcutting is currently required.

With many synthetic drugs and chemical preser-
vatives being identified to be hazardous, natural
products are drawing considerable attention. Various
studies have been conducted on the use of tree extracts
including essential oils for the development of
antioxidants (Jung et al., 2017; Kim et al., 2017),
anti-inflammatory drugs (Min et al., 2017; Yang et
al., 2017), antifungal agents (Rho et al., 2014; Kim
et al., 2013), anticomplements (Li et al., 2018), and
biofilm inhibitors (Ham and Kim, 2018). Essential oils,
secondary metabolites of plants, have various biological
activities, among which soothing effect and robustness
are well known. In particular, essential oils are often
used in aroma therapy for their known benefits to restore
mental and physical balance as well as to maintain
homeostasis. These properties are induced by the
substances present in them such as ketone, terpene,
and phenolic ether (Carvalho-Freitas and Costa, 2002).
A study showed the antifungal effect of an essential
oil extracted from leaves of coniferous trees such as
pine, pine nut, cypress, and fir tree (Hong et al., 2004;
Kim et al., 2016). Ibrahim et al. evaluated the
anti-inflammatory and scar-healing effects of an
essential oil extracted from the cones of six types of
coniferous trees belonging to the Pinaceae family.
Plants belonging to an identical family and genus
showed different degrees of anti-inflammatory and
scar-healing effects. Cedrus libani and Abies cilicica
subsp. Cilicica have anti-inflammatory effects. Further,
the herbicidal effect of essential oils extracted from
the leaves of locally bred pine, pine nut, Japanese larch,
and Khingan fir was studied (Yun et al., 2013). As
a result of verifying the in vitro herbicidal activity
of essential oils extracted from four coniferous tree

species on germination, these essential oils (except that
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derived from pine leaf) showed herbicidal activity. The
different degrees of herbicidal activity because of the
different substances present in these essential oils and
their concentrations affects cytotoxicity and the cell
cycle. The importance of these tree species and their
concentration in the field where they can be practically
used is high (Ahn et al., 2018).

There are varied ongoing studies on the bioactivity
of essential oils extracted from coniferous tree species,
but limited to leaves and the studies on the bioactivity
of essential oils extracted from the wood are insufficient.
Therefore, this study aimed to compare and analyze
the anti-inflammatory activity of essential oils extracted
from the wood of four coniferous tree species including
cypress (C. obtusa), pine (P. densiflora), pine nut (P.
koraiensis), and Japanese larch (L. kaempferi), all of
which are typical local tree species used for timber.
This study also aimed to verify the potential use of
essential oils extracted from coniferous wood for

improving or preventing allergic diseases.

2. MATERIALS and METHODS

2.1. Plant materials

Cypress (C. obtusa Sieb. et Zucc.) and pine (P.
densiflora Sieb. et Zucc.) were purchased through the
Gapeyong National Forestry Cooperative Federation,
which were obtained from the South Sea in December
of 2014. Japanese larche (L. kaempferi Sieb. et Zucc.)
was cut in Pyeongchang in December 2015, whereas
pine nut (P. koraiensis Sieb. et Zucc.) was cut in

Gapyeong in January 2016.

2.2. Essential oil extraction

The wood of cypress, pine, pine nut, and Japanese
larch were grinded to extract essential oils through
hydrodistillation. One kg of a sample was placed in
a 10 L round-bottomed flask; then, 6 L distilled water

was poured and the mixture was heated to 105°C.
Vaporized substances formed an extract, which was
cooled to obtain essential oils. Extraction continued until
no more essential oil was obtained, which lasted for
approximately 7 h. The extracted essential oil was
processed to remove moisture using anhydrous
Na;SO4SAMCHUN,98.5). The final product was stored
in a refrigerator until analysis.

The yield rate of essential oils was calculated using

the following equation.

Yield rate [Y%(w/w)] =
{weight of extracted essential oil (g)/
oven dry weight of samples (g)} x 100%

2.3. Cell culture

To assess the level of anti-inflammatory effect of
essential oils extracted from the wood of the four
coniferous tree species, RBL-2H3 mast cells (CRL-
22256™; American Type Culture Collection, Manassas,
Manassas, VA, USA) were purchased in lots. These
cells were cultured in Dulbecco’s modified Eagle’s
medium (Gibco) containing 10% fetal bovine serum
(Gibco), 1% penicillin/streptomycin (Gibco), and 0.4
pL/mL mycoplasma guard in an incubator (Panasonic,
MCO-19AIC) at 37°C (5% CO»).

2.4, Chemical composition of essential
oils

The essential oils extracted from the wood of the
four coniferous tree species were qualitatively analyzed
using GC/MS (Trace 1310/ISQ-LT, ThermoScientific,
USA). The Tr-5MS capillary column (30 m x 0.25 mm
x 0.25 pm; ThermoScientific, USA) was used, and
helium (1 mL/min, 25 psi) was used as the carrier gas.
Sample inlet was maintained at 250°C. Further, an oven
was maintained at 40°C for 3 min, after which the

temperature was increased by 3°C until it reached 200°C
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and then was raised by 15°C until it reached 340°C
for 10 min. FID and mass spectrum of detected chemicals
were recorded. FID was maintained at 280°C, and the
flow rate for helium was 40 mL/min. The temperatures
of the interface of a mass spectrometer and ion source
were maintained at 280°C and 250°C, respectively.
The analyzed substances in essential oils were selected
based on the value showing the highest spectral
matching when the S/N ratio reached >100 in total-ion
chromatography at peaks with NIST library search
program (ver.11). Furthermore, to confirm the chemical
composition of essential oils, the Kovats retention index

was calculated using n-alkanes (Cs—Cy, Sigma-Aldrich).

2.5. 3—(4,5—Dimethylthiazole—2—yl)—2,5—
diphenyl tetrazolium bromide (MTT)
assay

To assess the cytotoxicity of essential oils toward
RBL-2H3 mast cells, the MTT assay was performed.
A 200 pL culture medium was used, and cells were
seeded in a 96-well plate at a density of 8 x 10°
cells/well. Then, the plate was incubated in an incubator
at 37°C with 5% CO, for 1 day. The MTT reagent
(Sigma, Cat.#. 11465007001) was added to the cells
that were exposed to the essential oils at concentrations
of 107%-107%. They were again placed in the
incubator at 37°C for 6 h. The growth culture medium
and MTT reagent were removed, and the mixture was
washed with Dulbecco’s phosphate-buffered saline
(Gibco). Next, 100 puL dimethyl sulfoxide (Sigma) was
added to each well, and the mixture was stored at room
temperature for 10 min. The optical density of the cells
was determined at a wavelength of 540 nm using a

spectrophotometer.

2.6. Quantitative mRNA analysis by
real—time PCR

RBL-2H3 mast cells were seeded into a 6-well plate

at a density of 3 x 10° cells/well, and the plate was
incubated for 24 h with 1 pg/mL lipopolysaccharide
(LPS). Then, the essential oils were processed. After
24 h cultivation, 500 pL TRIzol reagent (Invitrogen
Life Technologies) was added to each well of the 6-well
plate, and the cells were dissolved and moved into tubes.
Next, 100 pL chloroform was added, and the tubes
were centrifuged at 14,000 rpm for 10 min. Further,
150 pL of the obtained supernatant was collected, and
isopropanol was added in the same amount. RNA was
condensed at —20°C for 24 h. After centrifuging the
mixture at 14,000 rpm at 4°C for 10 min, the supernatant
was removed, 200 pL. DEPC/EtOH was added, the
mixture was centrifuged, and then the entire supernatant
was removed. Next, 20 uL DEPC/DW was added, the
mixture was stored at 55°C for 5 min to increase the
temperature, and then RNA concentration was measured
at a wavelength of 260 nm using a microplate
spectrophotometer (Epoch, model Take 3; BioTek Inc.,
Winooski, VT, USA). cDNA was synthesized from
mRNA using a quantitative method; then, real-time PCR
was performed using a real-time PCR system (Applied
Biosystems, Foster, CA, USA). The sequences of the
oligonucleotide primers used are shown in Table 1.
The relative values for each wood essential oil were
determined using the RQ software (version 1.3, Applied

Biosystems).

Table 1. Oligonucleotide sequences for quantitative
real-time polymerase chain reaction

Gene Primer sequence (5'-3")

1L-4 : tgatgtacctcegtgettga

F
R : aggacatggaagtgcaggac

IL-13 F : ctggaatccctgaccaacat
R : ccatagcggaaaagttgctt

f-actin F : ttctacaatgagctgegtgtg
R : accagaggcatacagggaca

F: forward, R: reverse
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2.7. p—Hexosaminidase secretion assay

To analyze the changes in the rate of f-hexosami-
nidase release by the essential oils in LPS-induced
RBL-2H3 mast cells, cells were seeded into a 96-well
plate at a density of 8 x 10° cells/well and then sti-
mulated with DNP-specific IgE (800 ng/mL, Sigma,
USA). After removing the culture medium, the mix-
ture was washed twice with Tyrodes’ solution [119
mM NaCl, 4.74 mM KCI, 2.5 mM CaCl,, 1.19 mM
MgSOs4, 10 mM HEPES, 5 mM glucose, 0.1% (w/v)
BSA; pH 7.3] and cultivated for 15 min; a mixture
of the essential oils and DNP/BSA was incubated for
1 h. Then, 50 pL supernatant was transferred to a
tube, added with 200 pL of 1 mM P-nitrophenyl-N-
acetyl-f-D-glucosaminide, and cultured at 37°C for
1 h. To terminate the reaction, 0.05 M sodium bicar-
bonate buffer was added, and optical density was

measured at a wavelength of 405 nm.

3. RESULTS and DISCUSSION

3.1. Yield and chemical composition of
essential oils

The yield rate of the essential oils extracted from
the wood of the four coniferous tree species was the
highest for cypress (0.86%) and pine (0.75%) followed
by pine nut (0.25%) and Japanese larch (0.06%).

The chemical composition of these essential oils is
summarized in Table 2. In brief, the essential oil
extracted from cypress wood contained 23.79%
monoterpene, 76.07% sesquiterpene, and 0.13% other
substances. The essential oil extracted from pine wood
contained 81.49% monoterpene, 17.75% sesquiterpene,
0.55% diterpene, and 0.20% other substances. Further,
the essential oil extracted from pine nut wood contained
67.90% monoterpene, 21.93% sesquiterpene 8.08%
diterpene, and 2.09% other substances. Lastly, the

essential oil extracted from Japanese larch contained

34.82% monoterpene, 29.70% sesquiterpene, and
35.48% diterpene, indicating that their proportion is
similar. The main substances in cypress included o
-cadinol (19.25%), t-muurolol (14.20%), o-pinene
(13.74%), 1-cadinol (9.84%), J-cadinene (7.37%), and
y-cadinene (6.52%), whereas those in pine included o
-pinene (47.16%), longifolene (14.31%), S-phellandrene
(11.78%), and p-pinene (11.02%). The main substances
in pine nut included a-pinene (28.22%), longifolene
(13.49%), p-pinene (10.79%), cembrene (8.08%), and
a-terpineol (7.63%), whereas those in Japanese larch
included geranyl linalool (23.58%), a-pinene (18.57%),
o-cadinol (6.24%), and cembrene (6.12%). Among the
detected vaporizing substances, a-pinene, [-pinene,
limonene, fenchol, borneol, 4-terpineol, a-terpineol, and

o-cadinene were detected in all essential oils.

3.2. Influence on IL—4 and IL—13 gene
expression

To determine the influence of essential oils extracted
from the wood of the four coniferous tree species on
the survival and reproduction of RBL-2H3 mast cells,
these essential oils were processed at concentrations
of 107%-10"%, and then MTT assay was performed.
Cytotoxicity results are presented in Fig. 1.

When the essential oils were compared with the oils
of the vehicle group (VE), cytotoxicity was not observed
at concentrations of 10%-10"%. Accordingly, further
evaluation confirmed the anti-inflammatory effect of
all essential oils at a concentration of 10 7%.

RBL-2H3 mast cells, derived from basophils, play
crucial roles in anti-inflammatory activity together with
other mast cells. They are known to be a useful model
for the study of the effects of drugs triggering the re-
lease of IL-4 and IL-13, which cause inflammation by
various external stimulation and regulate the immune
system (Prussin and Metcalfe, 2003; Kindt ez al., 2007).
IL-4 and IL-13 released following mast cell activity
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Table 2. The major constituents of four coniferous oils

C. obtusa P. densiflora P. koraiensis L. kaempferi
RTa Compound KIb

Area % Area % Area % Area %
13.70 Hexanal 799 1.16
18.72 1-Hexanol 858 0.41
27.02 a-Pinene 928 13.74 47.16 28.22 18.57
29.69 Camphene 943 0.85 1.14 0.48
30.35 2,4(10)-Thujadien 947 0.44
34.95 B-Pinene 974 0.24 11.02 10.79 2.96
37.56 Myrcene 953 1.02
40.46 3-Carene 1011 3.32
4231 o-Cymene 1032 0.15 0.53 1.55
42.80 Limonene 1037 0.75 1.52 4.01 2.62
42.93 f-Phellandrene 1039 0.27 11.78
43.07 Eucalyptol 1040 0.13
47.45 Terpinolene 1089 0.36 0.38
47.72 p-Cymenene 1092 0.17 0.59
48.70 Nonanal 1103 0.38
49.73 Fenchol 1117 0.45 0.36 1.02 0.60
50.28 a-Campholenal 1124 0.22
51.35 Pinocarveol 1138 1.00 0.95
51.66 Verbenol 1142 0.53
51.82 Camphor 1145 0.28
52.44 p-Terpineol 1153 0.11
53.73 Borneol 1170 1.23 0.39 1.38 1.65
54.10 3-Pinanone 1175 0.31 0.36
54.41 4-Terpineol 1179 0.87 0.52 1.59 0.54
54.83 p-Cymenol 1185 0.21 0.33 0.48
54.90 Cryptone 1186 0.20
55.57 a-Terpineol 1195 3.28 2.12 7.63 4.67
55.73 Myrtenol 1197 1.02 0.58
56.72 Verbenone 1210 0.85 0.47
58.20 Citronellol 1230 0.13
60.96 2-Decenal 1267 0.31
61.22 cis-Myrtanol 1271 1.61
62.56 Bornyl acetate 1289 0.54 1.26 0.56
65.85 a-Terpinyl acetate 1352 1.93
66.30 a-Longipinene 1362 0.44 1.33
66.59 2-Undecenal 1368 0.36
67.39 a-Copaene 1384 0.25 1.38
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C. obtusa P. densiflora P. koraiensis L. kaempferi
RTa Compound KIb

Area % Area % Area % Area %
67.46 Longicyclene 1386 0.44
67.92 p-Elemene 1395 1.17
68.17 (+)-Sativene 1401 0.36 0.31
68.97 Longifolene 1423 14.31 13.49
69.30 p-Caryophyllene 1432 0.22 0.56 1.31
70.20 p-Farnesene 1456 0.17 0.29
70.64 Humulene 1468 0.46 0.11 0.29
70.77 Ethyl cinnamate 1472 0.71
71.23 y-Muurolene 1485 2.79 0.14 1.65
71.53 Germacrene-D 1493 0.75
71.82 f-Selinene 1501 0.87 0.64
72.01 a-Muurolene 1507 4.16 0.78 1.67
72.20 [-Bisabolene 1514 0.36
72.53 y-Cadinene 1525 6.52 0.11 2.56
72.65 o-Cadinene 1529 7.37 0.31 0.50 4.07
72.78 Calamenene 1533 1.08 0.68
73.25 a-Cadinene 1549 0.78
73.42 a-Calacorene 1554 0.43 0.70
73.52 3,7(11)-Selinadiene 1558 0.58
73.74 Nerolidol 1565 1.03 0.52
74.72 Gleenol 1598 0.40
74.78 y-Eudesmol 1600 0.28 0.50
75.42 Longiborneol 1623 0.52 0.43
75.61 Carotol 1630 1.21 0.99
75.71 Globulol 1634 0.28
75.95 Cubenol 1642 2.14 0.43 1.13
76.30 7-Cadinol 1655 9.84 3.00
76.36 7-Muurolol 1657 14.20 0.11 3.66
76.69 a-Cadinol 1669 19.25 0.17 6.24
76.88 Juniper camphor 1676 1.08 0.79
77.19 Cadalene 1688 0.22 0.60
78.52 Falcarinol 1732 0.13
86.29 Cembrene 1956 0.55 8.08 6.12
88.24 Manoyl oxide 2024 0.66
88.38 Atiserene 2032 0.52
89.11 Thunbergol 2071 4.61
89.26 Geranyl linalool 2079 23.58

*RT : Retention time, "KI : Kovats index on a DB-5 column with reference to n-alkanes(Co-Cays).
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Fig. 1. Effects of four coniferous oils on the viability of RBL-2H3 cells. Group:
VE(vehicle), treatment of 107~10°% essential oil(C. obtusa, P. densiflora, P. koraiensis,
L. kaempferi). Values are expressed as the meantstandard deviation.

increases Th2 reactions; and subsequently Th2 induces
IgE production in B cells and thereby induces an allergic
reaction. Because IL-13 shares its receptor with 1L-4,
it functions similar to IL-4; therefore, by examining
the changes in their levels, anti-inflammatory effect can
be investigated (Yoon and Pyo, 2012; Hershey et al.,
1997).

The following groups were formed: VE, negative
control (NC; group treated with LPS), positive control
(PC; group treated with dexamethasone in LPS-induced
RBL-2H3 mast cells), and treatment group (treatment
with essential oils). The results of relative IL-4 and
IL-13 gene expression were obtained based on the type
of tree species.

As shown in Fig. 2(a), when LPS that induced an
inflammatory reaction was incubated with RBL-2H3
mast cells, the relative gene expression of IL-4 increased
by 6.6 times compared with that in VE. In PC, an
inflammatory reaction was induced and the relative gene
expression of IL-4 decreased by 82.8% compared with
that in NC. In the treatment group, high anti-
inflammatory effects were observed. The relative gene
expression of IL-4 decreased by 55.1% for essential
oil extracted from cypress wood, 69.6% for pine, 63.2%

for pine nut, and 45.8% for Japanese larch compared

with that in NC.

As shown in Fig. 2(b) wherein the relative gene ex-
pression of IL-13 as the factor controlling inflammatory
reaction is depicted, the relative gene expression of IL-13
increased by 5.2 times compared with that in VE when
LPS was used. In contrast, after LPS-induced RBL-2H3
mast cells were exposed to dexamethasone and the es-
sential oils, the relative gene expression of IL-13 de-
creased substantially. When these cells were exposed
to dexamethasone, the relative gene expression of IL-13
decreased by 79.8%. Compared with that in NC, the
relative gene expression of IL-13 decreased by 51.1%
for the essential oil extracted from cypress wood, 57.8%
for pine, 57.1% for pine nut, and 34.5% for Japanese
larch. Regarding all essential oils that inhibited the gene
expressions of IL-4 and IL-13 in LPS-induced RBL-2H3
mast cells, allergic inflammation improved. All essential
oils contain same substances including a-pinene, limo-
nene, and 4-terpineol, which have anti-inflammatory ef-
fect (Rufino et al., 2015). Therefore, the observed an-
ti-inflammatory effects may be thought to be caused
by these substances.

Cytokines activate proteins and are secreted in cells
in the presence of immune or inflammatory reactions,

and they are involved in transmission of information
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Fig. 2. Pro-inflammatory cytokine mRNA expression on RBL-2H3 cells treated with four coniferous oils. (a)
mRNA expression level of IL-4, (b) mRNA expression level of IL-13. VE : vehicle, NC : negative control(group
treated with lipopolysaccharide), PC : positive control(group treated with dexamethasone on lipopolysaccharide-
induced RBL-2H3 cells), treatment of essential o0il(C. obtusa, P. densiflora, P. koraiensis, L. kaempferi). Values
are expressed as the meantstandard deviation. "P<0.05 vs. VE(vehicle); “P<0.05 vs. NC (lipopolysaccharide-

treated group).

across cells. When an allergic reaction occurs, various
cells are activated that trigger an inflammatory
reaction via the release and import of chemical media.
At this point, many types of cytokines participate
directly or indirectly (Kwon and Song, 2012.). IL-4
is a controller of IgE (a mediator of an allergic
reaction), and mast cells mediate immunity. Further,
an increase in IL-4 levels is crucial for an allergic
reaction (likura et al., 2001), and IL-13 functions as
an important mediator of IgE production and main-

tenance (Howard et al., 2001). Because the relative

gene expressions of IL-4 and IL-13 decreased
following exposure to the essential oils extracted from
pine and pine nut wood compared with that to other
essential oils, Th2 cell activity was possibly inhibited
and immunity was effectively regulated leading to the
inhibition of IgE production. Its effectiveness in
inhibiting the release of inflammatory mediators
indicates its effectiveness in inhibiting type I allergic
reactions. Moreover, the excellent anti-inflammatory
effect of essential oils extracted from pine and pine

nut wood compared with that of other essential oils
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is considered to have been caused by the differences
in the substances present in these essential oils. In
particular, S-pinene and longifolene are present in pine
and pine nut at a high level compared with those in
cypress and Japanese larch. f-Pinene was the highest
in pine (11.02%) followed by pine nut (10.79%),
Japanese larch (2.96%), and cypress (0.24%). The
differences in these major substances are assumed to
have caused the differences in the effectiveness of

different tree species.

3.3. Influence on f—hexosaminidase
release

The rate of f-hexosaminidase release, an index of
exocytosis, was measured to assess the anti-inflammatory
effects of the essential oils from the wood of the four
coniferous tree species Fig. 3.

In VE, exocytosis was stimulated, leading to an
increase in p-hexosaminidase release by 6.1 times
compared with that in VE, and when dexamethasone

(PC) was applied to LPS-induced mast cells, the release

80O A
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— %
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300 A
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100 -I—i—l

A 3

Relative & hexosaminidase Expression (%)

rate decreased by 77.9% compared with that in VE.
Similar to that in PC, f-hexosaminidase release decreased
in the group processed with the essential oils from the
wood of the four coniferous tree species. When the
essential oil extracted from cypress wood was used, the
relative f-hexosaminidase release decreased by 38.1%
compared with that in NC, by 33.0% when essential
oil extracted from pine wood was used, by 27.4% when
essential oil extracted from pine nut was used, and by
9.1% 1 essential oil extracted from Japanese larch was
used. All essential oils inhibited p-hexosaminidase
release in LPS-induced RBL-2H3 mast cells, suggesting
that they have anti-inflammatory activity; this implies
that the essential oils extracted from the wood of the
four coniferous tree species inhibit exocytosis of
RBL-2H3 mast cells caused by antigenic simulation,
which differs according to the types of tree species.

S-Hexosaminidase is stored in secretory granules within
mast cells. During immune activity, S-hexosaminidase
is secreted with histamine and is used as the exocytosis

marker for mast cells (Mastusa et al., 2002). Examinat-

FH

—

HH
'_

] T T
VE MNC PC

i a” & )

Fig. 3. Inhibitory effects of four coniferous oils on the release of /4 -hexosaminidase. VE : vehicle, NC : negative
control(group treated with lipopolysaccharide), PC : positive control(group treated with dexamethasone on
lipopolysaccharide-induced RBL-2H3 cells), treatment of essential o0il(C. obtusa, P. densiflora, P. koraiensis,
L. kaempferi). Values are expressed as the meantstandard deviation. "P<0.05 vs. VE(vehicle); “P<0.05 vs.

NC(lipopolysaccharide-treated group).
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ion of the effect of the essential oils that affect S
-hexosaminidase release, the essential oil extracted from
cypress wood showed the highest inhibition rate, and
the relatively high percentage of z-muurolol and o-
cadinol was remarkable. Given that RBL-2H3 mast cell
exocytosis and the secretion of inflaimmatory mediators
were effectively inhibited, r-muurolol and a-cadinol
are considered the mediators of type I allergic reactions.
Moreover, IL-4 and IL-13 showed specific trends of gene
expression, indicating that the essential oils extracted
from the wood of pine and pine nut are effective in
regulating inflammatory reaction by inhibiting Th2
cells. The essential oil extracted from cypress wood
is the most effective in inhibiting inflammation-induced
exocytosis. Such differences in the inhibitory effect
according to the immunity pathway are considered
because of the substances present in essential oils. Further
studies are required to identify the bioactive substances

responsible for anti-inflammatory effects.

4, CONCLUSION

In this study, bioactive substances and their effects
on improving the anti-inflammatory effect of the
essential oils extracted from the wood of cypress, pine,
pine nut, and Japanese larch (the recommended tree
species for timber designated by the Korea Forest
Service) were studied.

The essential oils used in the experiments were
extracted from grinded wood of the four coniferous tree
species using hydrodistillation. Determination of their
chemical composition using GC/MS revealed the
prominent substances to be a-pinene, S-pinene, fenchol,
and a-terpineol in all coniferous tree species, wherein
each tree species showed different compositions of these
major substances.

For the comparative analysis of the effects of bioactive
substances on improving the anti-inflammatory effect

of the essential oils extracted from the four coniferous

tree species, inflammation was induced in RBL-2H3
mast cells by LPS and the essential oils were applied;
then, inhibitory rates of exocytosis and f-hexosami-
nidase release were examined. Assessment of IL-4 and
IL-13 gene expressions and f-hexosaminidase release
rate in terms of inflammation, the relative IL-4 and IL-13
gene expressions stimulated by LPS decreased sub-
stantially following the application of essential oils
extracted from the wood of pine and pine nut, whereas
the highest inhibition of f-hexosaminidase release was
observed for cypress. Compared with other essential
oils, those extracted from the wood of pine and pine
nut contained higher percentages of f-pinene and
longifolene, whereas those extracted from the wood of
cypress contained higher percentages of z-muurolol and
o-cadinol, which is thought to be the cause of different
degree of effectiveness according to the immunity
pathway. Thus, further research on the bioactive sub-
stances responsible for the anti-inflammatory effect is
warranted. Through this study, the essential oils ex-
tracted from the wood of the four coniferous tree species
were found to be effective in improving allergic
inflammation. The bioactive substances in essential oils
are diffused in air when cypress, pine, pine nut and
Japanese larch trees are used as wood materials for
interior construction. Therefore, these trees applied as
materials in interior renovations, could contribute to

effectively improve allergic inflammation.
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APPENDIX

(Korean Version)

A94 43 2R 399 393 a3 97}

283 APh U B, AUF, SRR, JRAZUR B2 440 995 BnE Bt ook AR AeE AHe
7t S350] Briolx] SR (hydrodistillation) 0.2 FEFh 2T 45 GCMSE o) A% 243 Au, Tl
7§ a-cadinol (19.25%), =muurolol (14.20%) % a-pinene (13.74%)°], 22U a-pinene (47.16%), longifolene (14.31%),
[Bphellandrene (11.78%) X [Bpinene (11.02%)0] FRAEo|low, AT L a-pinene (13.49%)2} longifolene
(10.79%), G849 79 geranyl linalool (23.58%) ¥ a-pinene (18.57%)°¢] FRAAES 2 It A E5 AF=9
gFH= A= LPS(Lipopolysaccharide) 2 H5HF3-o] G-=% RBL-2H3 H|9HA|Z320] -85 2|3t & IL-4(interleukin-4),
IL-13(interleukin-13), Shexosaminidase®] 2d W3S ZAFGEO 24 H78lTE MTT assayS 59 A2 A H71 A3,
AR 4% A 25 107~10°% sEoll A HE 54S Holx| girt. dFuhso] fE% RBL-2H3 H|Eo] U4 459
BB A8E107% FE2 ATstAS o, LPS Ml div] WY 450 S5 Ae]fol A IL-49}k IL-139] A7 wasfo)
Z Fo2 fastglon, Shexosaminidase #H|7F 5254 FAE I AAg AH 459 L4 A SEFL LPS
AP tH] U 69.6%, ALHE 63.2%, HW 55.1% 2|1l Y HS 45.8% Zrashginh IL-139] Atfa) S g aur
57.8%, A 57.1%, W 51.1% 12|11 ¥4 34.5% 744 5HAE FHexosaminidase £H| 2] 79 LPS A2+ tfu] HH
38.1%, AUFEL 33.0%, AHLFEL 27.4% 18] 7 Yd4 9.1% A5kt 114, IL-13 2 Rhexosaminidase 242 v]wst A},
WY B 4 45 5 ST 459 BAo] /1Y Spatalnh oleie Auke F A 450 B0 A9 W5
Flshs AolE71R1e] W AAIE Soto] S adE UehEE S 4 lgleh

o =)
o
o

of
il

LME

el FE WA oF 64%(6,335,000 hayS AASH= A & HY4EL OF 36.9% (2,339,000 ha)Z F 32.0%(2,029,000
ha)E AHA|sh= SR e WS AR (Kong, 2004). =i P JE52]7 Eo Aol 43.7%(403971300
m’, 1727 m'/ha) 2 @ F-E-S AAATHARA, 2016 A7IEEA). A Fol W, AUHE, R, JEAzRE
ArAol A%t gAleF o2 Sulo] ol AAE o] et Bl (Chamaecyparis obtusa Sieb. et Zuce.)2 19040 PO 25
B o] =YPEof RAYY AAeFLR AHHIL Jlon, sERAAYOR S| 27 E L Ylth(Lee ef al, 2014).
Aujof A= A o] ppoir] 554 I AU Jlo] AEAAet g 7 SR ol AREAL Qlk HY FEEdde

T TS0l FrEol den, oA A2l LA UAnh SUH(Pinus densiflora Sieb. et Zuce. )= FE JPTRA,
dzRE o &%, $ 5 Be T ol8Hen, 1 ofof Y B WO R A7, Tk, 1S 59 U
Aol o]-§5o] FrH(Cho er al, 2009). f-2|uete] ofe] =% T aupie A Qs ddE o] Jlom, 344l
M ZA 7V S8 25 5 ShUR AAEIL 9tk AN (Pinus koraiensis Sieb. et Zucc)w= EA| o]& 9 A FAE
AEoR2 o]§e 4= Qlo] o5 S ZHATh EAdo] AFetal wlawa yFafol Aol Asted, 1960d o] 7]
Sz or Y7t FoE 28 AA 4% F sho|thKim ef al, 2001; Chon and Shin, 1999). U= ZHI(Larix
kaempferi Lamb.):= 1910 o] d&o2ig mlejo] ¢-2jutat tiite] A oofA ARl et d2ddie 4%
Sm7h e gyl ARgEY, SA4AE, A58 Are 242 vhgetA 285 aL Jth(Kang er al, 2016; Han et al.,
2017). Abgoll ik =wlef QlAjo] E& Frista glon, 1 agrHo| e 8k thefatE i Qe AAolth AU,
S, QR A Sl A EAEko] B2 Fol7|= Stk ofFA ol S e A FEEE £

H

ol Wb A RS SRS BT 4 gk A7Ee] Bast ARl
o okE 2 FEERY AP0l thFEHA HAEH thet Talo] Z7HISAL, AE ARE ZARE o5 2555
olg3lo] GAkElAJung ef al, 2017; Kim et al, 2017), SAZA|(Min ef al, 2017; Yang et al, 2017), I ZA|(Rho et

al., 2014; Kim et al, 2013), &2AA(Li et al,, 2018) D H}o] 9 T2 A4 JA|A|(Ham and Kim, 2018) 52 7257
9lsto] thakst A7) o]2ol A1 Gk A1E0] o AAIE Q] Af TRk AllBAS wolu], A EIe} AR} 5
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chopet AeleAo] Wl aeld Qo S5 At 37 ael AgEn, 79 Bah v o] FHE HRAA AR A

825 H=rta &EA dtkSon et al., 2001). o3t EAL AG U] §-8-%]0] Q1= ketone, terpene, phenolic ether 5-2]
EZEY 93 YEhes AoR ET_E]J_ 1E]{Carvalho-Fre1tas and Costa, 2002) 11‘@*101 a=! XH/}T Hul AU
5 Qomyy 257 499 3 50 Al
&ohe A9 659 coneS°ﬂH 7<4 °E *PX% Z]WQ} Fd= ;@1L %715t At Tumen ef al., 2011). FL3 3}, 4
A o) z|ut A |59} ghel= %“é,] ;qﬂf A7} Gt AT Aol Qs Cedrus libani®} Abies cilicica subsp. cilicica?}
FUZEDE UL L Yolyleh. Eak T AU, SR, AR, Bultn o 90| AgHo] d7E|E ket

(Yun et al, 2013). 445 4%0] 70 SAol A2 A4 Ak 22 o 492 Al A2 TS Bk ol
CRFE B A o 43T R0 tet AZEY 9 AR 7lo] JFE PN 4g Hopo B 45 Ad 9 B
AR o] Za5lcHAhn er al, 2018).

oA W4 A9l theke AR AFE0] ololR AT ol Qo] FekElo] Lol B o] el
ot A4 FE25E AAo|th B 3= U djE:A0l SA4F HWM(C. obtusa), 2UFH(P. densiflora), H/}—E%(P
Koraicnsis), DEAZUTL kaempferi) 45:9] B HE) 22T 459 A% R vm Bkl Wele e
sk shoicl. e ol 9 A4 B A7} 24 AL AL ALY 5 9l Bz B8o) 1S
glstarzt skglet.

2. Mz ¥

2.1, FAAE

FTAANREZE HY, AR 2R S BHE ANSIA T JW(Chamaecyparis obtusa Sieb. et Zuce.) T AUFH Pinus
densiflora Sieb. et Zucc.)= 3ol A 2014 120 HAE Aoz 719 AHRES E3A LYkt Y A4 (Larix
kaempferi Sieb. et Zucc.)= 2015 129 HA 0| A, AAUTH(Pinus koraiensis Sieb. et Zucc.)= 2016 1€o] 7oA HAjE
ZHEZ 70514
ERE Yotk

2.2 Af F& 2 58 24

Hu AUE AR Ureddo] BHE %&ﬂs}oq Z 579 (hydrodistillation) ©. 2 445 3235}tk 10 L S2uie Sekaa
o F 1kg ARS ¥ 6 ’é% g 52 CR 7hdste] Se]= &S B2AA A/E Atk o ol 47t
oI ohs g7k &k o, oF TAITE Fob &gt FEH FHE F4 NaSO(SAMCHUN, 98.5%) & 482
AAG F Aglof AHg- HHW}XI wﬂiﬁﬁka’it}.

Agrgd o *4011 sl AxkE| At

000 A
TEO) = Sy A )

(¢}

x 100%

2.3, AlaZuek

Y4 4% BH Hool o= guE oolRr] 93] RBL-2H3 H|THAZ(CRL-22256™;  American Type Culture
Collection, Manassas, VA, USA)S H2oF wro} 2 oIlo] A3}tk RBL-2H3 AZ= 37T, 5% CO, 2749 i)
(Panasonic, MCO-19AIC)ol| 4] 10% FBS(fetal bovine serum; Gibco), 1% penicillin-streptomycin(Gibco)2} 0.4 uL/mL
mycroplasma guard”} 335 DMEM(dubecco’s modified eagle medium; Gibco)djR| 2 HjjoFal$ith.

2.4, A99) A8 84
GC-MS(Trace 1310/ISQ-LT, ThermoScientific, USA)E o]-&-3}o] A 450 BH A6
& et 2o
Tr-5MS capillary column(30 m x 0.25 mm x 0.25 um; Thermoscientific, USA)S AF83}4 2™ carrier gas+= HE(1
mL/min, 25 psiyS AFEELI, AJR QT 25008 SA5Hgit). 9o 40 COM 3570 9A)8h3 3CH 2-8510] 200C7HA]
29 5, 150K 58510} 34007H) £2)30 1087F §1051ele) AEE SRHES FID 4150} defruley) RES 7|59
t}. FIDL: 280°C Z73ko] makeup 7FAE HE0 2 40 mL/ming 7] o]—sﬁl’/]-. AR A 7] 0] olE]Ho] A9} o] LA~
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eml 77} 28019} 250C 2 S8t T, WA ER S ELATN W9 35~360 m/z& 0.2 scans/s9] £E2 3 E549ch
EA AG U EFES A R9] TIC(total-ion chromatogram)of] 4] S/N H|-8-0] 100 o]AF¢] 1| ZE2] AegAHEH-E NIST

11(National Institute of Standards and Technology, USA) mass spectral library9} B]13}0] match Z}o] 7Fg & A

Atk E3F AH AR FolS 93l n-alkanes(Cs~Ca, Sigma-Aldrich)E ©]-8-3}¢] Kl(Kovats retention index)S 3} th.

2.5, MTT assay

RBL-2H3 H|9kA|3zof tfgt Ao NEZEAS H71sl7] Y3l MTT(3-(4, 5-dimethylthiazole-2-yl)-2, 5-diphenyl-tetrazolium
bromide) assayS 43§35}t

96-well plate®] 7} wello]] 200 (L] BjA] 2} 8x10° cells/well-S E53}1 37°C, 5% CO27A Y] Qo golA 51% F2t
HloFA AT 107~10°% 529 94 459 B8 HS 2 )3l v|ukA| 2o MTT reagent(Sigma, Cat#. 11465007001)=
A7kt 2, 37C QlFH|olg oA 6A1ZF ZoF #2513t AR A2} MTT reagentE A A% 5, DPBS(dulbecco’s
phosphate-buffered saline; Gibco)= A& 5}3itt. 2 wellof] 100 1L DMSO(dimethyl sulfoxide; Sigma)E H713F &, Ah-2-0f A
1027F 2askglch.

Spectrophotometer® 540 nm TFgol A E @4 459 BR A4S At AR FRES 2ot

2.6, Real—time PCRo]| 2|3} mRNA AFE A

RBL-2H3 A|ZE 3x10° cell/well 5% = 6 well plateo]] £-538}0] 2447} vjoFat & 1 ug/mL LPS(lipopolysaccharide)$}
A 459 55 AR5 Asiadeh. 24A12F i $ 6-well plate®] 7+ wello] HjFE AJazo] 500 4L TRIzol
reagent(Invitrogen, Life Technologies)& #7}5to] MEZE 835 2 tubeo]] 71 2, 100 uL chloroform< % 7}5F¢] 14,000
pmoll A 1057 4 elstsich. A2 150 AL 3fek F Sepe] isopropanol H7kgh ¥, 20C 4] 244715 9F RNAS
SEAIZ 4T, 14,000 pm2 2 108 F¢F AR S H A5 NS A #3aL, 200 4L DEPC-EtOHE 7}ste] gt
AR S AAGE & A5HS o A A3 20 uL DEPC-DWE #71oto] 55C oA 552 53t 7123 5 RNA 555
24319t} RNA 5%+ micro-plate spectrophotometer(Epoch, model Take 3; BioTek Inc., winooski, VT, USA)E ©|-&3}¢]
260 nmoj|A &3ty AFEAS E3] mRNAZEE cDNAE TAISH & 7300 Real-time PCR System(Applied
Biosystems, Foster, CA, USA)7]7|& ©]-&3}4] Real-Time PCR-Z 4~335}%t}. Oligonucleotide primer?] sequencesS Table
Lo Yeryigict 2 25 A8 Agts9 AdA Zd=F 42 RQ software(version 1.3, Applied Biosystems)E ¢85}

BA3.

2.7. [~Hexosaminidase &H|%F £.4]

Q23] fH RBLIHS vehA Zol A W5 459 B 450] o3t Shexosaminidasee] 2] M L4}
215}o] 96-well plateo]] welld 8x10° cells& HHj3t 3 DNP-specific IgE(800 ng/mL, Sigma, 1|2 A-=5}¢ict. HjA|
A A 3 Tyrodes' assay buffer[119 mM NaCl, 4.74 mM KCI, 2.5 mM CaCl,, 1.19 mM MgSOs4, 10 mM HEPES, 5 mM
glucose, 0.1%(w/v) BSA, pH7.3]2 23] A2 3 155 wjoFstodon], A4 49 BH 490l DNP-BSAZ 1A]7F Xe]51%
th 11 35 AFEo 50 uLE tubeo] %7]31 200 (2] 1 mM P-nitrophenyl-N-acetyl- 3D-glucosaminide?} £33+ | 37°Cojl A
A2 BFStcs, HH £ 91510l 005 M sodium bicarbonate buffer: 01 T 405 nm 70l 4 FHES 243}9ck

1
4914 45-0) BH23E hydrodistillation Y O R F33 H 90 88 ANSAT. T B2 AGL 086%0] 82
Mo, AR B 4oL 075%9] 83 MYt AR B 490 58] 025% a4 B 429 580] 0.06%S
el A3} vimabd ARl £ 488 Rt

GC-MS H4& 3] S8 A% 45 53 499 HESS Table 20] thehf3ich

Hul 2B A0 ) monoterpene 23.79%, sesquiterpene 76.07%, 1 €] AEo] 0.13%S A3 TE AR 2R
monoterpene 81.49%, sesquiterpene 17.75%, diterpene 0.55%, 71 & A& 020%= FAEU At BH
monoterpene 67.90%, sesquiterpene 21.93%, diterpene 8.08%, 1 £] AE-o0] 2.09% o]lon, YEJZT ZH A

2 ox o
Jo do o
e e ole
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monoterpene 34.82%, sesquiterpene 29.70%, diterpene 35.48% H|&Z FLAEoIQIch AUFF AUES EXE AHH=
monoterpene®] AJ& H|&O] &2 BHH, WY HX A{= sesquiterpene?] H|&0] 2 Ao|E Bt dEYAUE R
9] 7% monoterpene, sesquiterpene H diterpene 4J-E0] AASh= H|FO| HISRE SAHE Hith A =
19.25% a-cadinol, 14.20% 7zmuurolol, 13.74% a-pinene, 9.84% t-cadinol, 7.37% &-cadinene, 6.52% jy-cadinene¢|, A5 =
47.16% a-pinene, 14.31% longifolene, 11.78% Sphellandrene, 11.02% [Spineneo| &= ict ATl A9 28.22% a
-pinene, 13.49% longifolene, 10.79% [-pinene, 8.08% cembrene, 7.63% a-terpineols-0] FQAH 0] on, YEIZHIT
EH Haol FQAEL 2358% geranyl linalool, 18.57% a-pinene, 6.24% a-cadinol, 6.12% cembrene 2.2 2FQ1%|Q]ch.

HEH 3 AES 5 apinene, Bpinene, limonene, fenchol, borneol, 4-terpineol, a-terpineol, &-cadinene®] HH4
459 = Agoln FEHOR AZHUL.

3.2, IL-48} IL-13 SR} W] nx&= 9T

i, AU, SR, 94 B8 JR71 RBL2H3 AlZ BE 9 F2)0] nje g3e dotRuat 107~10°% 5 =2
AR5 Aol MTT assayE AYsttt. AT 5437} dab= Fig. 13 2t}

A 450 B8 FHEL AT v wstgE o 107~10°% 504 AE S4& Ho|x| o= AL Felskick o]t
AnE vigoz Ad4 4% B5 Av9 95 ans 2elshy] Y3 A4 HEEs 107% 552 2439k

S @5Q1 RBL-2H3 M| = BT 28} 37 dejAAd 85 vheollA 718 A ke gith teksh 2R a=of <3
oS Fistl WeE 2dste] IL4 9 IL-13 28] Fofst= FEEe a7t Ao £2 HA= g4 Irh(Prussin and
Metcalfe, 2003; Kindt et al., 2007). BTN SA31E S35l EH|E = 1149} 1L-13 52 Th2 A9 k- 37HA)7]1, Th=
ojo]A] BAIZLY IgE /dS st L2714 whe-g Aotk IL-13& IL49F #8415 Fh-ot] IL-49 fARE 285
stog T po|E710le] HBlE 2Alslo] AelA|A @Zuke EIkE ZARE 4> Itk Yoon and Pyo, 2012; Hershey ef al, 1997).

Y4 459 55 A7t oA G5l uAls gk gotrr] 8 dFuk-sol 28 RBL-2H3 A|Zof Hi
ARES A & IL4, IL-139] IE HIFE 2ARHITH AATHVE)R BT Of A549H8-& f-5%8k= LPS H2|HNC),
4% L F AHEEA FHUFARE Y%l dexamethasone #2]H(PC)T} A G4= 459 H7 HH A2IH(C. obtusa, P.
densiflora, P. koraiensis, L. kaempferi)©.& \}5=0] Z18J3}9itt. 423518 IL-49} IL-13 531419 Aoha] YEFE AR dat=
Fig. 2¢] Yetfgict

Fig. 2-(a)o]] Ueld AAF vvbA|Zo] 5935 58k LPSE A 2|aka}t FATH(VE)ol vlsf IL-49] i 2 dd
oF 6.64) Z7kotgtE. AEHgol REE HTbA o] HFAIEAQ] dexamethasoneS A 2|5FA} IL-49] o4 Wrdgro
FHITHNC) tie] oF 82.8% A4kt G4 459 H7 AR ATl 22 95 205 Eooh Hd 55
Ao IL4 HaFE ASHEFINC) thu] ¢F 55.1% sl on], AR B2 AG A2 oF 69.6%, L
A Aol oF 63.2%, 995 55 F5 At oF 45.8% skt

HZukS zA QIR el IL-139] AFth & W3l =F-S B w3t Fig. 2-(b)S B g2 $349124¢] LPSE X 2)5A} IL-13 A4
e sFo] AATHVE)l vlal] oF 528 F7tatqict. o|¢h B x4 02 RBL2H3¢| A5S 8% & A5 dexamethasone
I AYG 459 B8 ARE Adsiat IL-139 A3 ddwfo] & HO02 AAskqlrh A5igo] =8 v|vhA| 2
dexamethasones | 2|5}A} IL-139] Afef 2] Bazfo] oF 79.8% ZHAstley. | 5 Af A A] IL-139] Ao 2] ddzk
HESHLTINC) iy F 51.1% Fastgon, AUF H5 Af A2t oF 57.8%, AU 5 A4 A2jtolAe oF
57.1%, $9% 55 AR A2 oF 34.5% Aok AHS 459 7 A7 d5uhsol A 2E HThAE U IL-4¢}
IL-139] BHEe Ao 2N A FSNAEHNE AT 45 FFole 354 22 a-pinene, limonene & 4-terpineol
AEEO] FEol Y, o] AREES S AWV 9= ALE EuE] YhRufino ef al, 2015). wabA] o|Ft
AEE0 93 FeF sVt Yehve ACE AlRHT

Ho|E7LQlolg HYRRGol U d5ahg-o] dold o AlazofA] fHu= TSR, AE7te] FR g ofgict.
e 27] vh3o] dojutd ol ] FF9 AESo] 4ot o] 3k miAEAEY] #H ¥ fFYCE A5 WeE Yoy,
ojuf oje] FF9o Ao|EIRle] A1 A 0 & FrojgithKwon and Song, 2012.). IL-4+= A 1
IgES} B|ThA| 2 w7l HARRS-9] RAAR IL-49] Z7h= G 27] WA F534% A28 defA] 9lev(likura ef al,
iRl FEH] ARt
AR 55 AR7F 49 IL-13 A a ddlsS HAAZ] A Ho Th2 AZ29] S-S 9|47 Aukg-S Ao
2 24sto] IgEQ AAS JAIGHIS AR AtH. ASuiAEde] HHE B30 R AR sk= AL Hol A 13

o}

o
i oX o of

oX,
e %o o

ol

%3
[ez]
=4

- 690 -



Anti-Inflammatory Effect of Essential Oils Extracted from Wood of Four Coniferous Tree Species

el 27] WL FolsA Aok ATYE Sl ACE Btk Ea T2 Ago] W) AUk} AR A4t 7

o gl FRElo] i o] olo] 4 7|Q1%k 02 Melt). 53] Bpinenc longifolene: A
ol Hla) 2ubel ARolA B8 sle® WRElo] gtk BPinenet W 024%, % 296%¢] Hl) Lt
11.02%, A 10.79%0.2 =2 v 22 2231501, longifolene AU}l ZrLpRolul 7 14.31%, 13.49%2 2 H]
AL olefet Fo HREY Aolst He AolE Uehk AoR FRHh

o 10 H o)

o
=
I}
3H

aﬂ

3.3. [~Hexosaminidase £H|of| u]X|= g

WA 4% 55 AR e 930S A anE Bk Slel 2ake] A2 Shexosaminidase®] FH| S
sttt 11 Adl= Fig 31 Zth

Z AR LPSE A gttt Fatgo] £XE o] Shexosaminidase w87} A/dH(VE)ol Hlsl oF 6.14) F7}s}
13, @%H50] $=8 RBL2H3] dexamethasone(PC)E A2I3151 uf Hblzol LPS A2) cfu] oF 77.9% Z2:5}ek
A4 429 AHeliE dexamethasoned} U}7FA 2 Fhexosaminidase HH|7} 71A8gcH AW BEH Ao XAl B
-hexosaminidase ] A T4 FH|FFS BEFLNC) thiH] oF 38.1% st on, U B5 A4 A2 oF 33.0%,
AU BE 45 ATIML oF 274% U1 B A AUTE oF 0.1% FLoAYT. WS 4550 Hg wE
AFHg0] $EH HTHIES) Bhoxosaminidase M1 S oSO, S WS WOl A BASIATE. o) AR
£ F5 A7 FY Aol ot HwkA 29 9iE S AAgte] FHF anE UEhdta & 4 glon, Fmitt
it 918e & % S,

(Hexosaminidaset= H|RHA|E U] Eu|THgof] A7gE]o] Qlthr} v|RtA|27F Heshd o2 ghdshd o histamined} 317
Bxjo] v|uby|Z g1 F AR E ARE-EItHMastusa et al., 2002). FHexosaminidase 0|0 njX]= A G4 45 ZH
Ao anE AWE A3, w9 55 AG Aol 7P w2 dARTE E3len, Fmuurolol?} a-cadinolo] H|F0]

s3] W3 &S ol Essick REL2HS AE aiela 4ol 2 e 398 RAH0R el 208 Ko}
A 18 dg27] LS §o5HA JAI5t= avHEdo] zmuurolol®} a-cadinol 2 HeHETh E3F IL49} IL-13 §-4A} ¥
A AR Ak e H3S Hole Ag Hof Aol AuE 552 i Th A2 AA4E 53l 95 2
skt anpdoln, Hul S8 Hhi= A5 vl ot 2ty JAIsk=t 7P anpH ole} sk h ol Wekg-
pathway® T2 ClA|ETN 3 ) 49 AHo] O3 2O AZE 25 7 %0 2R 4G AR F 99
wol BARRE TR Bast Ak

u!

A

oL

< g

N

-

p

olN
FOJ
i

>

o
3

-
QTOINE R A 459 B2 A RIS THLA AUHo] AHT SASTol 2Y VY 539 Tl
So) AR 34 9 RN 4% ANENE vmBAs,

AL A9 55 hydrodistillation) .2 B, A1k, SR, el B0 Baelo] B9E 2E00h 23
HE52 GC-MSE 53| AR B431 47, % a7 542 434 apinene, Spinene, fenchol X a-terpineol
0915 450] B 4Rl TEAOR AFECH, $Euih FR4R0) Aol Btk AL 4% B2 H4o)
WAEIE W wEA SR} H]WhA S RBL-2H30|| LPSE H35-5 §43t & A/5 A2jsto] Al gyt a5hE
Bl AR ANE 2ARIGCE A3 T Aol EFRRIQL L4 E IL-139] ¥H#3} Shexosaminidase] FH[FHS &
LPSo|| ofsf A= IL-49 IL-139] At Wago] avie} shf S5 Aejdord & Hoz Fast
-hexosaminidase®] &H|E HW HH AH7F 7P anpA o2 ARSIt B ] AUEel 2y S5 ARollA Spinene
7} longifoleneo] & |53 AA|5taL, HHll HE A follA] =muurolol?}t a-cadinol®] H]Fo] & o] HRE3-9 pathwayo]
e A2 o A s HolA sk Yelolet wtEth webh 25 AU AU R AR AR 5 39E aE
Hol= S4dus 18T Zart Stk

2 ATE o MY 45Y HE Bhie

4
> ~
S
=
4o
1
JinH
opr
I
—Hr
oxt
4
A
R

ol

Z

g
-z
ox

o0

Y o2 o
N

a3} AR Aol AT A GFS AN E} S BT
e W AEAFULE Fo| AZA Ao A8

% Ggiek. Bl FhEol Gk Af HRES W, 2R, shir 9 o
W 7] F02 BAelA] WAL BASoIch ueh SA2 A el 48RS Ao LAY 5 Ak
P F 4+ 9 Ao ArEn
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