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Abstract Agarwood oil and spikenard extract were
examined for their sedative activity using a spontaneous
vapor administration system. It was shown that inhalation
of agarwood oil vapor sedated mice. The main volatile
constituents of the oil were found to be benzylacetone
[agarwood oil from a Hong Kong market (1)], or a-gur-
junene and (+)-calarene [agarwood oil made in Vietnam
(2)]. A hexane extract of spikenard contained a lot of
calarene, and its vapor inhalation had a sedative effect on
mice. Individual principles benzylacetone, calarene, and o-
gurjunene were administered to mice, which reproduced
the result of the corresponding oil or extract. However, the
most effective dose of the compounds was lower than their
original content in the oil and extract (benzylacetone 0.1%,
calarene 0.17%, a-gurjunene 1.5%).

Keywords Agarwood oil - Nardostachys chinensis -
Spikenard - Sedative effect - Inhalation -
Spontaneous motor activity

Introduction

Agarwood (in Japanese “Jinkoh”) and spikenard (“Kans-
hokoh”) have a long history as essential ingredients in
oriental incense and sachet. Agarwood (or eaglewood in
the United States) is the resinous portion of the wood of the

H. Takemoto - M. Tto - T. Shiraki - T. Yagura - G. Honda ([X)
Department of Pharmacognosy, Graduate School

of Pharmaceutical Science, Kyoto University,

46-29 Yoshida-Shimoadachi-cho, Sakyo-ku,

Kyoto 606-8501, Japan

e-mail: ghonda@pharm.kyoto-u.ac.jp

Agquilaria species (Thymelaeaceae), of which the highest
quality pieces are used for “Kho-doh,” a Japanese fra-
grance ceremony. In the Middle East and Europe, distilled
oil of agarwood is more commonly used as a blending
material for perfume and balm. Spikenard is the dried roots
and rhizomes of Nardostachys chinensis (Valerianaceae) or
N. jatamansi, often blended into a mixture for Japanese
sachet.

A pharmacological effect on the central nervous sys-
tem achieved by oral administration or abdominal
injection of agarwood and spikenard extracts has been
reported previously. Okugawa et al. reported that six
sesquiterpenoids, namely, jinkoh-eremol, agarospirol, o-
and f-santalols, dehydrocostus lactone, and costunolide,
isolated from agarwood, inhibited acetic acid-induced
writhing in mice [1]. Vidya et al. reported that there was
a significant increase in y-aminobutyric acid (GABA)
level in rat brains following oral administration of an
ethanol extract of N. jatamansi [2]. On the other hand,
Itokawa et al. showed that the methanol extract of N.
chinensis had a cytotoxic activity against P-388 cells [3],
which means that oral and intravenous administration of
the extract may not respond to the relevant activities so
an administration method is required for their pharma-
ceutical use. However, aromatherapy has recently
attracted much attention as an alternative medicine,
especially for psychosomatic disease caused by stress. For
example, lavender oil is used as a holistic relaxant and
has a spasmolytic activity [4], while rosemary oil is used
to treat depression [5]. In the United States, aromatherapy
is generally allowed and prescribed for clinical use in
syndromes such as Attention Deficit Disorder and Atten-
tion Deficit Hyperactivity Disorder instead of
methylphenidate tablets, which are commonly given to
such patients.
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The clinical use of essential oils in aromatherapy is
getting more attention nowadays, and the need for detailed
study of the pharmacological activity of inhaled oil is
increasing. In the present study, we present a newly
developed experimental system for administering essential
oil to mice by vapor inhalation. We investigated the sed-
ative effects of essential oils and isolated compounds, using
the results to identify the active components of agarwood
and spikenard.

Materials and methods
Materials

Two types of agarwood oil (1: from a Hong Kong market,
2: made in Vietnam), dried roots of N. chinensis, and
lavender oil were purchased from Mitsuboshi Pharmaceu-
tical. Triethylcitrate (Merck), an odorless solvent, was used
to dissolve the fragrance components. (+)-Calarene and o-
gurjunene were from Fluka, and benzylacetone was from
Tokyo Kasei. All other chemicals and reagents were of the
highest grade available.

Animals

Male 4-week-old ddY mice were purchased from Japan
SLC Shizuoka (Japan). They were housed in colony cages
at an ambient temperature of 25 + 2°C and relative
humidity of 50 &+ 10% with a light-dark cycle of 12 h each
before being used for experiments. They were fed standard
pellet chow and water ad libitum. All behavioral observa-
tions were conducted between 10:00 and 17:00 under the
same temperature and humidity described above.

Evaluation of spontaneous motor activity

Fragrance components were evaluated for their sedative
effect on spontaneous motor activity in an open-field test,
which is an assay system for observing the behavior of
animals placed in a foreign environment. Fragrance com-
ponents were dissolved in triethylcitrate (400 pl total), and
four filter-paper disks (8 cm diameter) were permeated
with the solution. The disks were placed on the wall of a
glass cage (W 60cm x L 30 cm x H 34 cm) using
Scotch tape, and the vapor of the solution pervaded the
cage by natural diffusion. Sixty minutes after charging the
solution, a mouse was placed into the center of the cage
and was monitored by a video camera for another 60 min.
The frequency of the mouse crossing lines drawn at the
bottom of the cage at 10-cm intervals was counted every
5 min for 60 min. The area under the curve (AUC)
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indicating total locomotor activity for 60 min was calcu-
lated by the trapezoidal rule.

GC and GC-MS analysis

Qualitative analysis of the volatile component was con-
ducted as follows. Adsorption and desorption of the
volatile component using solid-phase micro extraction
(SPME) are described in a previous report [6]. GC-MS
analyses were performed on a G7000-M9000/3DQMS
(Hitachi) under the following operating conditions: col-
umn: fused silica capillary column, TC-WAX (Hewlett
Packard), 60 m x 0.25 mm, film thickness = 0.25 pum;
column temperature: 80-220°C increasing at 5°C/min,
10 min holding at 220°C, 220-240°C increasing at 10°C/
min, 3 min holding at 240°C; injector: 200°C; carrier gas:
helium, 1 ml/min; ionization energy: 15 eV.

Quantitative analysis of the volatile component was
conducted as follows. GC analyses were performed on a
G5000 (Hitachi) with a flame ionization detector (FID) and
operating conditions as follows: a fused silica capillary
column, TC-WAX (Hewlett Packard), 60 m x 0.25 mm,
film thickness = 0.25 pum; column temperature: 60—180°C
increasing at 5°C/min, 60 min holding at 180°C; injector:
200°C; detector: 200°C; carrier gas: helium, 37 cm/min;
injection volume: 1 pl. Relative concentrations of compo-
nents were calculated based on GC peak areas.

Calarene isolation

Dried roots (700 g) of N. chinensis were extracted with n-
hexane three times at room temperature. The hexane
extract was concentrated under reduced pressure, and the
concentrate (14.3 g) was subjected to silica gel column
chromatography (Wakogel C-200). The column was first
eluted with n-hexane to give fractions 1-5, and was then
eluted with acetone to give fraction 6. Fraction 1 (721 mg)
was applied to a Lobar RP-18 column (LiChroprep RP-18,
40-63 mm, Merck) and eluted with CH;CN:H,O = 5:1
(flow rate: 3.0 ml/min) to give fractions 1-1 through 1-3.
Fraction 1-1 was extracted with hexane and applied to gel
permeation chromatography (GPC) (LC-918 recycling
HPLC system, column: JAIGEL-IH and -2H,
20 x 600 mm, Japan Analytical Industry) eluted with
CHCl; (flow rate: 3.0 ml/min) to give calarene (452 mg)
isolated after 12 h of recycling.

Statistics
All values are expressed as mean + SEM. Statistical

analyses were carried out via Student’s ¢-test. Each assay
was performed repeatedly, and the results were found to be
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quite reproducible. Therefore, six mice of each adminis-
tration group were chosen at random for statistical
analyses.

Results and discussion

Identification of the principal volatile compound
in agarwood oils

Fragrant compounds of agarwood are known to be ses-
quiterpenoids and chromone derivatives, which are the
main source of agarwood’s peculiar odor [7]. Agarwood
oils vary in their composition; some oils contain a large
amount of sesquiterpene compounds and others contain
principally benzylacetone [8]. Analyses of the volatile
components of agarwood oils used in this study were
performed on SPME-GC-MS. SPME is suitable for ana-
lyzing volatile compounds, adsorbing compounds in the
headspace of the sample vial, and desorbing them directly
into a GC injection port. Measurement on GC with FID
shows the compound’s mass in a liquid extract while that
on SPME-GC shows the composition in the gas phase. As a
result, agarwood oil (1) contained benzylacetone (47.1%)
as the main volatile component, and agarwood oil (2)
contained o-gurjunene (61.5%) and (+)-calarene (24.7%)
(Fig. 1). GC analyses showed that benzylacetone accoun-
ted for only 0.96% of whole oil (1), and a-gurjunene and
calarene for 15.1 and 17.3% of oil (2). A comparison of
SPME-GC and GC analyses showed that agarwood oil (1)
contained a large amount of nonvolatile compounds.

Effect of agarwood oil inhalation on mouse
spontaneous motor activity

Evaluation of sedation and excitation activities by
observing spontaneous motor activity of mice were previ-
ously reported for adenosine [9] and caffeine [10];
however, test compounds were administered by oral dose
or by injection in those cases. Our experimental system was
similar to those previous studies, but test samples were
administered by vapor inhalation.

Benzylacetone o-Gurjunene

Calarene

Fig. 1 Structures of compounds from agarwood oils

Prior to the experiments using agarwood oils, assays of
lavender oil were done in order to ascertain the validity of
the experimental system. Lavender oil is a common natural
essential oil that was previously reported to have a sedative
effect on animals and humans after inhalation [11].
Administration of 400 pl of lavender oil sedated mice
within 30 min, and their spontaneous motor activities
decreased with the time course (Fig. 2a). The AUC values
of mice that inhaled lavender were found to be significantly
smaller than those of the control. This showed that our
system could reproduce the results of a different system
(Fig. 2b).

Using this experimental system, 400 pl of agarwood oil
was administered to mice. Subsequently, their spontaneous
motor activities decreased as did those of the group
administered lavender oil (Fig. 2a), and the AUC values
were significantly smaller than those of the control
(Fig. 2b).

Both agarwood oils (1) and (2) showed similar sedative
activity, although their main volatile compounds were
different.
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Fig. 2 Locomotor activity transition (a) and total spontaneous motor
activity (b) of mice administered agarwood oils (400 pl). Data are
shown as mean values + SEM of six mice (*P < 0.05 and **P < 0.01
vs. control group)
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Aristolene Calarene Valerena-4,7(11)-diene

Fig. 3 Structures of compounds from the hexane extract of spikenard

Identification of the principal volatile compound
in a hexane extract of spikenard

Fragrant compounds of spikenard were reported to be
sesquiterpenoids and coumarins [7]. SPME-GC-MS anal-
yses of a hexane extract of spikenard showed the extract
contained calarene (82.3%) and aristolene (8.3%), both of
which are sesquiterpene compounds with similar struc-
tures. Valerena-4,7(11)-diene (3.9%), a sesquiterpene
compound previously isolated from Valeriana officinalis
[12], was first isolated from spikenard (Fig. 3). The per-
centages of compounds in the whole extract were 26.1%
(calarene), 5.0% (aristolene) and 3.4% (valerena-4,7(11)-
diene), which were measured on GC with FID.

Effect of vapor inhalation of spikenard hexane extract
on spontaneous motor activity

A hexane extract of spikenard was administered to mice at
four different doses (1, 10, 100, 1,000 mg extract dissolved
in 400 pl triethylcitrate). Mice in the 1, 10, and 100 mg
administration groups calmed down within 30 min, and
their spontaneous motor activities decreased with the time
course (Fig. 4a). The AUCs of these three groups were
significantly smaller than those of control, and the sedative
effect was reinforced in a dose-dependent manner (Fig. 4
b). A marked sedative effect was observed in the 100 mg
administration group; however, mice that received the
1,000 mg dose were excited and jumped throughout the
exposure time. This result suggests that the hexane extract
of spikenard contains compounds which act as a sedative at
lower doses, but as a stimulant at higher doses.

Isolation of calarene from the spikenard extract

Both agarwood oil (2) and the hexane extract of spikenard
showed a sedative effect on mice, and they turned out to
commonly contain calarene as the principal constituent;
calarene was isolated from the hexane extract of spikenard
during a single administration experiment. Separation and
isolation were carried out using various column
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Fig. 4 Locomotor activity transition (a) and total spontaneous motor
activity (b) of mice administered spikenard extract (1, 10, 100,
1,000 mg). Data are shown as mean values = SEM of six mice
(*P < 0.05 and **P < 0.01 vs. control group)

chromatographies on the extract to isolate calarene
(452 mg). NMR spectra and the chemical shifts of the
isolated compound agreed with the literature data [13].

Effect of benzylacetone, calarene, and o-gurjunene
inhalation on spontaneous motor activity

Principal volatile constituents isolated from agarwood oils
or spikenard hexane extract, namely, benzylacetone, cala-
rene, and «-gurjunene, were examined for their sedative
activity on mice. The dose of each compound was deter-
mined on the basis of the content of the compound in
agarwood oil (1) or (2). Agarwood oil (1) contained 0.96%
benzylacetone, and agarwood oil (2) contained 17.3%
calarene and 15.1% a-gurjunene. Results are shown in
Figs. 5 (benzylacetone), 6 (calarene) and 7 (a-gurjunene).

Sedative effect of benzylacetone gradually strengthened
in a dose-dependent manner in the dose range 0.001-0.1%,
and the most effective dose was 0.1%, whereas 1.0 and
10% doses caused excited actions such as jumping and
excess excretion. Especially at a dose of 1.0%, mice moved
vigorously for the entire 60 min, and the AUC of this group
was significantly larger than that of the control (Fig. 5).
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Fig. 5 Locomotor activity transition (a) and total spontaneous motor
activity (b) of mice administered benzylacetone (0.001, 0.01, 0.1, 1.0,
10%). Data are shown as mean values = SEM of six mice (*P < 0.05
and **P < 0.01 vs. control group)

The sedative effect of calarene was the strongest at a dose
of 0.17%, whereas 1.7 and 17% doses caused excited
actions, and wobbling was observed after 30 min at a dose
of 17% (Fig. 6). The AUC of the group administered 17%
was small; however, this reduced activity is thought to be
due to intoxication caused by an excess administration of
calarene. o-Gurjunene had a highly sedative effect at a dose
of 1.5%, but a 15% dose caused excited actions similar to
the benzylacetone administration (Fig. 7).

An instance of intoxication caused by an overdose of an
essential oil component has been reported for linalool.
Lavender oil mainly includes linalool and linalyl acetate,
and it has been reported that linalool has a sedative effect
on humans by vapor inhalation at low doses [14]. It also
has nerve toxicity, and the LCsq for mammals is 2,740 mg/
m? [15]. Compounds used in this study are also thought to
be toxic at high doses.

It has been reported that pharmacological activities
derived from inhalation of essential oils are mostly
associated with the limbic system [16]. Fragrant compo-
nents stimulate olfactory cells and signals are transferred
into the brain, affecting the autonomic nervous system
and/or hormone secretion. The mechanism of the sedative
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Fig. 6 Locomotor activity transition (a) and total spontaneous motor
activity (b) of mice administered calarene (0.087, 0.17, 1.7, 17%).
Data are shown as mean values + SEM of six mice (*P < 0.05 and
*#*P < 0.01 vs. control group)

effect observed in this study may also be the same as the
above.

Figure 8 shows a comparison of the AUC according to
the calarene content in 400-pul samples administered to
mice. The apparent effective dose range of calarene was
shown to differ between a pure compound administration
and a crude extract administration; it was between 0.1 and
1 mg when it was administered as a pure compound,
while the calculated amount of calarene in the hexane
extract of the effective dose was between 0.1 and 100 mg
(Fig. 8). This shows that single doses of active ingredients
have an instant and intense effect, whereas the hexane
extract of spikenard has a wide range of effective doses.
The extract contained many compounds other than cala-
rene, so that various biological activities arising from
these constituents are thought to have combined to cause
a sedative effect within a wide range of doses in an
in vivo experiment.

In this paper, we showed the effectiveness of our
experimental system for investigating the sedative activity
of volatile compounds by vapor inhalation. We also iden-
tified three active compounds from crude drugs.

It is expected that aromatherapy will become a popular
treatment for treating diseases of the central nervous
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Fig. 7 Locomotor activity transition (a) and total spontaneous motor
activity (b) of mice administered o-gurjunene (0.15, 1.5, 15%). Data
are shown as mean values = SEM of six mice (*P < 0.05 and
*#*P < 0.01 vs. control group)
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Fig. 8 Dose-response curve for the sedative effect of mice admin-
istered spikenard extract or calarene. Data are shown as mean
values = SEM of six mice (*P < 0.05 and **P < 0.01 vs. control

group)

system. More trials must be carried out to establish and
promote the health and healing benefits of aromatherapy.
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