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Cinnamomum osmophloeum ct. linalool (土肉桂 tǔ r�ou guì) is one chemotype of the indigenous cinna-
mons in Taiwan. This study examined the anxiolytic potency of leaf essential oil (LEO) from
C. osmophloeum ct. linalool and its main constituent on 4-week ICR mice using an open field test (OFT), a
lightedark test (LDT) and an elevated plus maze test (EPT). After oral administration of corn oil, LEO
(250 mg/kg and 500 mg/kg), S-(þ)-linalool (500 mg/kg), R-(�)-linalool (500 mg/kg), and trazodone
hydrochloride (75 mg/kg) for 14 days, the anxiolytic effects on mice behavior were evaluated. The results
showed that LEO from C. osmophloeum ct. linalool leaves and S-(þ)-linalool can significantly increase the
time mice remained in the center area of the OFT, the illuminated area of the LDT and the open arms of
the EPT without any side effects affecting motor activity, indicating excellent anxiolytic responses.
Furthermore, results from the measurements of monoamines in mice brain revealed decreases in se-
rotonin, dopamine, and norepinephrine, which are consistent with their anxiolytic effects in animal
models. The findings obtained suggest that LEO from C. osmophloeum ct. linalool and its major com-
pound, S-(þ)-linalool, possess anxiolytic properties without any side effects and thus support their
potential use in treatment of anxiety disorders.
Copyright © 2015, Center for Food and Biomolecules, National Taiwan University. Production and hosting

by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Rapid changes in the global environment have caused tremen-
dous stress to many people, and in several cases has resulted in
mental disorders or mental illness. Anxiety is one of the mental
disorders caused by worries, fears, and tension. Mental disorders
can influence physical or mental health, and also affects social,
family, and job responsibilities.1 Generally, anxiety disorders are
treated with medication, specific types of psychotherapy, or both.
However, the medications have several side effects, including
sweating, headache, unusual tiredness, weakness, irritability,
changes in sexual desire or ability, drowsiness, and unusual invol-
untary movement.2 These side effects have a negative effect on the
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patient’s daily life; hence, it is both necessary and important to find
a treatment with fewer side effects. As an alternative treatment
approach to anxiety disorders, aromatherapy using leaf essential
oils (LEOs) extracted from natural plants has fewer side effects.

As previously reported, many essential oils from plants can
relieve stress and reducing anxiety.3 Two theories account for the
effect of aromatic components in essential oils on physical and
psychological functions of humans. One is that the aromatic com-
ponents are directly linked to the odor receptors and release odor
signals, which will be transmitted to the olfactory nerve. The other
is a different subjective experience, which would lead to different
physiological and psychological feelings. For example, essential oil
from Acorus calamus has antidepressant and anxiolytic effects4; tea
from Aloysia citriodora has good sedative and anxiolytic activities5;
essential oil of ylang-ylang (Cananga odorata) helps decrease blood
pressure and pulse rate and increase attentiveness and alertness6;
essential oil of Citrus aurantium has demonstrated sedative effects7;
essential oil of Citrus bergamia can relieve anxiety and calm fears8;
aqueous extract of Coriandrum sativum seed has been recom-
mended for relieving anxiety and insomnia in Iranian folk medi-
cine9; and Salvia sclare essential oil can also ease states of anxiety
rsity. Production and hosting by Elsevier Taiwan LLC. All rights reserved.
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such as fear and paranoia.10 In particular, essential oil from lavender
(Lavandula angustifolia), which can reduce overexcitement, stabi-
lize mood, and reduce anxiety and depression, is most commonly
used in daily life. Linalool is the major compound of lavender, ac-
counting for 23% of the content in essential oil.11 Psychopharma-
cological in vivo evaluation of linalool has shown that this
compound has dose-dependent sedative effects on the central
nervous system.

Cinnamomum osmophloeum ct. linalool (土肉桂 tǔ r�ou guì) is one
of the endemic hardwood species in Taiwan. In particular, it is one
chemotype of the indigenous cinnamon, and our previous results
revealed that essential oil of its leaves contains about 90% linalool;
and it is an S-isomer.12 For these reasons, C. osmophloeum ct.
linalool may be a promising commercial source of essential oil for
aromatherapies. However, little is known about its anxiolytic effect.
Therefore, in this study, the anxiolytic potency of LEO from
C. osmophloeum ct. linalool and its main constituents were exam-
ined using the following animal models, including an open field
test (OFT), a lightedark test (LDT), and an elevated plus maze test
(EPT). It is expected that LEO from C. osmophloeum ct. linalool could
be developed into cheap and safe food or health products with
anxiolytic effects.

2. Materials and methods

2.1. Plant materials

C. osmophloeum ct. linalool (土肉桂 tǔ r�ou guì) leaves were
collected from Lienhuachih Research Center in Nantou County of
central Taiwan. The species were identified by Mr. Yen-Ray Hsui of
the Taiwan Forestry Research Institute. A voucher specimen (COLL)
of each sample was deposited in the Laboratory of Wood Chemistry
(School of Forestry and Resource Conservation, National Taiwan
University). All samples were stored at 25�C until analysis.

2.2. Chemicals

Trazodone hydrochloride (Sigma, St. Louis, MO, USA) was dis-
solved inwater (reverse osmosis H2O, ROH2O), while R-(�)-linalool
(Sigma), S-(þ)-linalool (separated and purified from LEO), and LEO
were dissolved in corn oil (Sigma). The doses of trazodone hydro-
chloride used as positive controls were selected from the studies on
which the methodologies were based.

2.3. Sample preparation

Fresh mature C. osmophloeum ct. linalool leaves were cleaned
with distilled water and air dried at 25�C. These samples (200 g
each), in triplicate, were subjected to hydrodistillation for 6 hours
using a Clevenger-type apparatus (Dinhaw Enterprise Co., New
Taipei, Taiwan). Meanwhile, the yield of LEO after hydrodistillation
was calculated.

2.4. Extraction and isolation

The S-(þ)-linalool from C. osmophloeum ct. linalool LEO was
separated and purified by 1100 series high-performance liquid
chromatography (HPLC, Agilent, Alpharetta, GA, USA) on a model
pump equipped with an ultraviolet detector (254 nm) and a
250 mm � 10 mm internal diameter, 5 mm silica gel column (Phe-
nomenex, Torrance, CA, USA). The mobile phase was solvent A,
100% n-hexane; and solvent B, 100% ethyl acetate. Elution condi-
tions were 0e8 minutes of 85% A; 8e10 minutes of 85e0% A to B
(linear gradient) at flow rate of 4 mL/min. The resulting retention
time of S-(þ)-linalool was 6.05 minutes.
2.5. Animals

Four-week-old male ICR mice (28e36 g) used were purchased
from BioLASCO Co. (Taipei, Taiwan) and groups of four mice each
were housed in plastic cages. Mice were allowed 2 weeks to adapt to
the environment before test. All mice were maintained under
controlled temperature (22 ± 2�C), and illumination (12-hour light-
dark cycle), with free access to food (LabDiet 5001 Rodent diet,
Purina Mills LLC, St. Louis, MO, USA) and water. To reduce the influ-
ence of light variations, all assays were conducted in a special noise-
free roomwith controlled illumination.Micewere treated orallywith
corn oil (controls) and different doses of LEO of C. osmophloeum ct.
linalool (250 mg/kg and 500 mg/kg), 500 mg/kg S-(þ)-linalool, and
500 mg/kg R-(�)-linalool, all of which were diluted in corn oil. Pos-
itive control groups were administered with 75 mg/kg of trazodone
hydrochloride dissolved inwater (ROH2O) (positive control, P.C.) (for
OFT, LDT, and EPT). Mice undergoing various treatments were
administered with a 0.2 mL sample for 14 days before the test.

2.6. Open field test

Following Woode et al,13 the OFT area in this study had black
walls and floor (30 cm � 40 cm � 40 cm) (Fig. 1A) divided into 16
squares of equal area. LEO from C. osmophloeum ct. linalool
(250 mg/kg and 500 mg/kg), 500 mg/kg S-(þ)-linalool and 500 mg/
kg R-(�)-linalool, and 75 mg/kg of trazodone hydrochloride (P.C.)
were administered to mice 1 hour prior to the open field test. The
open field was used to evaluate the exploratory activity of the an-
imal. The observed parameters were the time mice stayed in the
periphery, distance, and average speed of locomotor activity, which
were recorded for 5 minutes.

2.7. Lightedark test

The apparatus (Fig. 1B) consisted of a box
(45 cm � 27 cm � 30 cm) with two compartments, one small
(18 cm � 27 cm) and one large (27 cm � 27 cm), with a door-like
opening (7 cm � 7 cm) in between as the partition. The small
compartment was painted black and was light-free, whereas the
large one was illuminated with a white light and brightly lit with a
60-W light source. LEO from C. osmophloeum ct. linalool (250mg/kg
and 500 mg/kg), 500 mg/kg S-(þ)-linalool and 500 mg/kg R-
(�)-linalool, and 75 mg/kg of trazodone hydrochloride (P.C.) were
administered tomice 1 hour prior to the LDT.When the test started,
each animal was placed in the center of the illuminated compart-
ment, facing the light area. The amount of time mice stayed in
illuminated and dark places, and the number of times they got in
and out of each compartment was recorded for 5 minutes.14 The
test was performed in a quiet and darkened room, and mice were
kept in this room for at least 1 hour before the test.

2.8. Elevated plus maze test

The method used was adopted from Pellow et al15 with some
modifications for mice. The elevated plus maze (Fig. 1C) was made
of opaque Plexiglas. It consisted of two opposite open arms
(30 cm � 5 cm) without side walls and two close arms
(30 cm � 5 cm � 30 cm), extending from a central square platform
(5 cm � 5 cm). The maze was elevated to the height of 50 cm from
the floor and placed in a lit room. The animals were divided into 10
groups of eight animals each and received treatments similar to
those described for the OFT. LEO from C. osmophloeum ct. linalool
(250 and 500 mg/kg), 500 mg/kg S-(þ)-linalool and 500 mg/kg R-
(�)-linalool, and 75 mg/kg of trazodone hydrochloride (P.C.) were
administered to mice 1 hour prior to the EPT. Animals were placed



Fig. 1. Three typical setups of anxiolytic animal model. (A) Open field test. (B) Lightedark test. (C) Elevated plus maze test.
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individually in the central platform of the EPT for 5 minutes and the
following behaviors were recorded on a videotape: (1) number of
times mice got in and out of the closed and open arms (absolute
value and percentage of the total); (2) time spent exploring the
open and closed arms of the maze (absolute time and percentage of
the total); (3) number of head-dips (absolute value and percentage
of the total) with the head protruding over the edge of either an
open (unprotected) or closed (protected) arm and down toward the
floor; (4) number of stretch-attend postures (absolute value and
percentage of the total) when the mouse stretches forward and
retracts to its original position form an open (unprotected) or a
closed (protected) arm. Entry into an arm was counted only when
all four limbs of the mouse were within a given arm.
2.9. Quantification of monoamines

After the EPT session, the mice were sacrificed by cervical
dislocation and then decapitated immediately. Their brains were
rapidly removed, and the frontal cortex, striatum, and hippocam-
pus were dissected on an ice-cold plate. The brain tissues were
stored at �80�C for further analysis. All tissues were homogenized
with 5 mL ice-cold homogenizing solution, containing 0.1N hy-
drochloric acid, 0.1mM ascorbic acid, 1.5 mg/100 mL pargyline, and
50 pg/mL isoproterenol, according to the method of Cheng et al16

with modifications. After homogenizing, the homogenate solution
was centrifuged at 10,000 g for 20 minutes at 4�C. The supernatant
was filtered (0.22 mm) and used for monoamine analysis.

The concentration of serotonin (5-hydroxytryptophan, 5-HT), 5-
hydroxyindoleacetic acid (5-HIAA), dopamine (DA), 3,4-
dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA),
and norepinephrine (NE) were measured by high-performance
liquid chromatography (HPLC, Bioanalytical Systems Inc., West
Lafayette, IN, USA) coupled with an electrochemical detector (ECD,
Detector LC-4C, Bioanalytical Systems Inc., USA) and a pump (PM-
92E, Bioanalytical Systems Inc., USA) with a column (Apollo C18 5
mm, 250 mm � 4.6 mm, Alltech Associates, Deerfield, IL, USA) and
an automatic sample injector (Hitachi autosampler L-2200, Tokyo,
Japan). The mobile phase contained 20.5 g NaH2PO4, EDTA 185 mg,
sodium 1-octanesulfonic acid (SOS) 130 mg, methanol 200 mL, and
was adjusted to pH 3.0 using H3PO4. The flow rate was 500 mL/min.
The electrochemical detection condition was: range, 5 nA; filter,
0.1 Hz; and AppE cell, 0.75 V.

2.10. Statistical analysis

The statistically significant differences in cultivation on the
essential oil yield and linalool content were evaluated with ordi-
nary analysis of variance using the Statistics 17.0 package (SPSS Inc.,
Chicago, IL, USA). All data are expressed as mean ± standard error
(n ¼ 8). Different letters indicate significant difference at the level
of p < 0.05 according to the Scheffe test.

3. Results

3.1. Effect of leaf essential oils from C. osmophloeum ct. linalool on
locomotor activity in mice (OFT)

To examine the anxiolytic effect of LEO and its main constituent
on mice, the OFT was carried out. The amount of timemice spent in
the periphery served as a measure of their anxiety state, and their
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locomotor activity was assessed throughmeasurements of distance
traveled and average speed. As shown in Fig. 2, the time mice
stayed in the periphery for the groups of COLL 250, COLL 500, S(þ)-
L 500, R(�)-L 500 and P.C. was 258.1, 265.7, 266.5, 261.1, and 262.0
seconds, respectively, times that were obviously shorter than that
for the control group (285.0 seconds). This result revealed that LEO
from C. osmophloeum ct. linalool, S-(þ)-linalool and R-(�)-linalool
are capable of reducing anxiety in mice.

In addition, the total distance traveled by COLL 250, COLL 500,
S(þ)-L 500, R(�)-L 500, and P.C. groups ranged from 19551.5 mm to
23831.1 mm, and the speed ranged from 65.1 to 79.4 mm/s. Both
results indicated no statistically significant difference between the
treated and control mice (total distance traveled and speed were
23735.9 mm and 79.1 mm/s, respectively). As a consequence,
administration of LEO of C. osmophloeum ct. linalool, S-(þ)-linalool,
and R-(�)-linalool had no effect on locomotor activity. Rickels et al2

found that side effects of anxiolytic drugs could cause reduction of
locomotor activity. Surprisingly, in our study, the locomotion of
mice treated with S-(þ)-linalool was not affected. In conclusion,
LEOs from C. osmophloeum ct. linalool, S-(þ)-linalool and R-
(�)-linalool have not only anxiolytic effects, but also no negative
effect on locomotor activity, unlike commercially available anti-
anxiety drugs.
3.2. Anxiolytic effect of leaf essential oils from C. osmophloeum ct.
linalool on mice (LDT)

The LDT is an animal model for identifying the potential of new
anxiolytic drugs.14 In general, it is known that animals feel safe in a
dark area but are afraid and anxious during exploration in light
area. The length of time mice stay in the light area is generally used
as an indication of anxiety or pharmacodynamics effects of anxio-
lytic drugs. Previous reports confirmed that the commercially
available anxiolytic drugs could extend the stay of mice in the light
area.17,18 In this study, the administration of LEO from
C. osmophloeum ct. linalool (250 mg/kg and 500 mg/kg, p.o.), S-
(þ)-linalool (500 mg/kg, p.o.), R-(�)-linalool (500 mg/kg, p.o.) and
trazodone hydrochloride (75 mg/kg, p.o.) (P.C.) in mice induced a
significant increase in stay duration in the illuminated compart-
ment of the lightedark apparatus (Fig. 3). The groups of mice
administered with LEO, S-(þ)-linalool, and R-(�)-linalool at the
Fig. 2. Effect of leaf essential oils from C. osmophloeum ct. linalool on the time spent in the pe
(n ¼ 8). The oral administration of corn oil (controls), 250 mg/kg and 500 mg/kg LEO of C.
500 mg/kg R-(�)-linalool (R(e)-L 500) and 75 mg/kg of the anxiolytic drug trazodone hydr
according to the Scheffe test.
dose of 500 mg/kg spent a significantly longer time in the illumi-
nated compartment (166.0, 162.1, and 155.0 seconds, respectively)
than the control groups (126.0 seconds). The time 250 mg/kg LEO-
treatedmice spent in the illuminated compartment (138.2 seconds)
also increased significantly, though it was shorter than that of the
other groups. Mice treated with a standard anxiolytic drug (trazo-
done hydrochloride 75 mg/kg, p.o.) also extended the stay duration
in the illuminated compartment (176.5 seconds). Thus, treatment
with 500 mg/kg LEO from C. osmophloeum ct. linalool, S-
(þ)-linalool, and R-(�)-linalool produced greater anxiolytic effects
in LDT than treatment with lower low doses.

3.3. Anxiolytic effect of leaf essential oils from C. osmophloeum ct.
linalool on mice (EPT)

The EPT is awell-established animalmodel19 extensively used to
identify potential anxiolytic drugs.20 In this study, it is assumed that
animals feel safe in the open arms but feel afraid and anxious
during exploration in the closed arms. The time mice spent in open
arms is generally taken to indicate the effects and properties of
anxiolytic drugs. This study evaluated the effects of LEO from
C. osmophloeum ct. linalool and its major compound, S-(þ)-linalool,
at graded doses using EPT. Mice administered with COLL 250, COLL
500, S(þ)-L 500, and R(�)-L 500 increased significantly their stay
duration in the open arms of the maze (122.8, 102.8, 124.9, and
121.7 seconds, respectively) as compared with the controls (49.4
seconds), but there was no significant difference in comparison
with the positive controls (117.9 second) (Fig. 4A). Conversely, the
mice in the groups of COLL 250, COLL 500, S(þ)-L 500, R(�)-L 500
and positive controls spent shorter time in closed arms than the
control groups (Fig. 4B). Identical results were observed regarding
the number of entries into open and closed arms of the maze. Re-
sults from the current study indicated that LEO from
C. osmophloeum ct. linalool and its major compound, S-(þ)-linalool,
have anxiolytic effects.

3.4. Effect of LEO from C. osmophloeum ct. linalool on serotonin,
dopamine, norepinephrine, and their metabolites in mice brain

Mood change and control are related to monoamine neuro-
transmitters serotonin, dopamine, and norepinephrine (5-HT, DA,
riphery during the open field test in mice. Data are expressed as mean ± standard error
osmophloeum ct. linalool (COLL 250, COLL 500), 500 mg/kg S-(þ)-linalool (S(þ)-L 500),
ochloride (P.C.). Different letters indicate significant difference at the level of p < 0.05



Fig. 3. Effects of LEO from C. osmophloeum ct. linalool on the time spent in the light area during the lightedark test in mice. Data are expressed as mean ± standard error (n ¼ 8). The
oral administration of corn oil (control), 250 and 500 mg/kg LEO of C. osmophloeum ct. linalool (COLL 250, COLL 500), 500 mg/kg S-(þ)-linalool (S(þ)-L 500), 500 mg/kg R-
(�)-linalool (R(e)-L 500) and 75 mg/kg of the anxiolytic drug trazodone hydrochloride (P.C.). Different letters are significantly different at the level of p < 0.05 according to the
Scheffe test.
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and NE), and their metabolites (5-HIAA, HVA, and DOPAC) in
brain.21 Thiebot et al20 reported that 5-HT injected into the brain
could induce anxiety; by contrast, reduction of concentration of 5-
HT would alleviate anxiety. The concentration of monoamines and
their metabolites in brain played important roles in reducing and
curing anxiety.22 Decreasing concentration of 5-HT, NE, and DA in
the brain accompanied by increasing metabolites could produce
effects of sedation.23 In addition, Charney and Redmond24 also
found that noradrenergic hyperactivity was associated with some
human anxiety states. Therefore, HPLC was used in this study to
examine the effects of LEO from of C. osmophloeum ct. linalool on 5-
HT, NE, DA, and their metabolites in brain of mice.

The results showed that concentrations of 5-HT in frontal cortex
and hippocampus were significantly decreased in groups of COLL
250, COLL 500, S(þ)-L 500, R(�)-L 500, and positive controls
(frontal cortex [99.6 ± 4.5 e 125.0 ± 6.0 ng/g brain tissue] and
hippocampus [83.7 ± 3.3e109.1 ± 2.8 ng/g brain tissue]) compared
with controls (Table 1). However, in this study only high-dosage
groups (LEO from C. osmophloeum ct. linalool, S-(þ)-linalool and
R-(�)-linalool 500 mg/kg) had significantly decreased concentra-
tion of 5-HT in striatum (COLL 500, S(þ)-L 500, and R(�)-L 500)
(188.3 ± 26.9 e 202.3 ± 26.1 ng/g brain tissue) compared with the
control group (p < 0.05). In contrast, the concentrations of 5-HIAA
in frontal cortex, hippocampus, and striatum were significantly
increased in groups of COLL 250, COLL 500, S(þ)-L 500, R(�)-L 500,
and P.C. compared with the control group (Table 1). The concen-
tration of DA in striatum increased in groups of COLL 500, S(þ)-L
500, R(�)-L 500, and P.C. (1917.5 ± 73.5 e 2339.8 ± 329.1 ng/g brain
tissue) compared with the control group (p < 0.05), suggesting that
linalool enhances the release of dopamine from striatum of mice
brain. These findings were similar to the results obtained by
Okuyama et al,25 who confirmed the existence of dopamine in brain
striatum slices of rat, and Yamada et al26 who observed changes in
plasma dopamine levels of ovariectomized female rats. Meanwhile,
it was reported that increasing the level of dopamine in striatum in
mice brain could improve the symptom of Parkinson disease.27,28

Therefore, mice administered LEO from C. osmophloeum ct.
linalool and S-(þ)-linalool have increased levels of dopamine in the
striatum, indicating that LEO from C. osmophloeum ct. linalool and
S-(þ)-linalool might be used as an alternative treatment for
improving the symptoms of Parkinson disease.

The concentrations of DA in frontal cortex (61.2 ± 1.1 e

68.1 ± 3.0 ng/g brain tissue) and in hippocampus (133.8 ± 19.5 e

171.2 ± 12.1 ng/g brain tissue) (Table 1) were decreased in all
treatment groups. The concentration of HVA in frontal cortex,
hippocampus, and striatum decreased in all groups compared with
the control group, but the concentration of DOPAC showed no
significant difference among all groups in the test (Table 1).

In addition, compared with that of the control group, the con-
centration of NE decreased significantly in groups of COLL 250,
COLL 500, S(þ)-L 500, R(�)-L 500, and P.C. in the frontal cortex
(267.9 ± 28.4 e 341.6 ± 32.6 ng/g brain tissue), hippocampus
(62.8 ± 8.9 e 103.4 ± 8.6 ng/g brain tissue), and striatum
(369.8 ± 52.9 e 620.2 ± 36.1 ng/g brain tissue) (p < 0.05) (Table 1).
Fukumoto et al29 used LEO and its major component to assess the
effects of flavor components on physical and psychological stress. It
was shown that the anxiolytic effects obtained were attributed to
the decrease in concentrations of 5-HT, NE, and DA by supple-
mentation with LEO and its major component. According to the
results obtained, including changes in concentration of mono-
amines in brains and behaviors observed in OFT, LDT, and EPT, it
was concluded that LEO from C. osmophloeum ct. linalool and its
major component, S-(þ)-linalool, have anxiolytic effects.

4. Discussion

Linalool is the major compound of flavor additives and fragrance
oil in perfume industry. Psychopharmacological in vivo evaluation
has shown that linalool has dose-dependent effects on the central
nervous system, including sedation, hypnotic, anticonvulsant, and
anxiolytic effects.30e32

On the basis of previous results, C. osmophloeum ct. linalool is
the best plant for obtaining essential oil, because its yield and
quality are better than those of other plants. LEO from
C. osmophloeum ct. linalool is an easily obtainable source of S-
(þ)-linalool.12

This study compared S-(þ)-linalool with R-(�)-linalool in terms
of anxiolytic effects and their side effects on locomotor activity



Fig. 4. Effects of LEO from C. osmophloeum ct. linalool on the time spent in the (A) open arms (B) close arms during the elevated plus maze test in mice. Data are expressed as
mean ± standard error (n ¼ 8). The oral administration of corn oil (Control), 250 mg/kg and 500 mg/kg LEO of C. osmophloeum ct. linalool (COLL 250, COLL 500), 500 mg/kg S-
(þ)-linalool (S(þ)-L 500), 500 mg/kg R-(�)-linalool (R(e)-L 500), and 75 mg/kg of the anxiolytic drug trazodone hydrochloride (P.C.). Different letters are significantly different at
the level of p < 0.05 according to the Scheffe test.
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were also evaluated. Previous literature reported that these isomers
existed in the essential oil of various plant species. They have
shown different effects on physiological activities such as odor
threshold33 and alarm pheromone activity.34

In this study, it has also been proven that LEO from
C. osmophloeum ct. linalool and its main constituent have anxi-
olytic potencies in the three animal models, including OFT, LDT,
and EPT. In these animal models, the anxiety-related behaviors in
mice were decreased, meaning that anxiety in mice was relieved
after treatment with LEO (250 and 500 mg/kg), S-(þ)-linalool
(500 mg/kg), and R-(�)-linalool (500 mg/kg), which were as
effective as the reference drug, trazodone hydrochloride. Unlike
the contrasting effects of S-(þ)-linalool and R-(�)-linalool on
mood states demonstrated by Kuroda et al,35 there is no differ-
ence in anxiolytic effect between S-(þ)-linalool and R-
(�)-linalool.

Furthermore, the dosage of sample administered has no side
effects on OFT, LDT, and EPT, which were confirmed by the
locomotor activity. Our results are consistent with an earlier report
that indicated R-(�)-linalool has anxiolytic effects.32

In addition, release of monoamine from mice brain frontal cor-
tex, hippocampus, and striatum were evaluated. The striatum con-
taining numerous DA neurons is an important region of emotions36

and Parkinson disease,27,28 acting as a useful area for analysis of DA
release. In previous research, striatum is sensitive tomonoterpenes,
and the amount of DA released depends on the structures of
monoterpene compounds.25 The frontal cortex is the largest mice
brain tissue, with few DA and 5-HT neurons. The methods of slicing
brain are useful for discerning compounds acting on neurotrans-
mitter release, but they cannot recognize interaction among various
regions of brain. The results from quantification of monoamine
indicated that the enantiomers of linalool and LEO from
C. osmophloeum ct. linalool have similar effects on monoamine
release from mice brain tissue. Consequently, LEO from
C. osmophloeum ct. linalool and its major component, S-(þ)-linalool,
might act as an anxiolytic agent via modulation of 5-HT.



Table 1
Concentration of 5-HT, 5-HIAA, DA, DOPAC, HVA, and NE in three different sections of the brain after anxiety testing.

Region Groups Dose (mg/kg
body weight)

5-HT 5-HIAA DA DOPAC HVA NE

(ng/g brain tissue)

Frontal cortex Control 0 140.3 ± 6.0a 58.6 ± 6.5b 93.7 ± 7.9a 55.7 ± 6.1a 123.0 ± 15.0a 447.0 ± 36.6a

COLL 250 116.5 ± 5.2b 92.8 ± 18.1ab 65.2 ± 1.9b 50.5 ± 2.4a 108.4 ± 19.9ab 299.9 ± 12.8b

500 99.6 ± 4.5c 97.9 ± 19.8a 61.2 ± 1.1b 48.6 ± 0.8a 76.8 ± 15.8b,c 324.7 ± 18.1b

S(þ)-L 500 125.0 ± 6.0b 113.7 ± 5.4a 64.8 ± 2.2b 50.4 ± 1.2a 58.7 ± 9.0c 267.9 ± 28.4b

R(�)-L 500 116.6 ± 4.8b 103.6 ± 11.2a 68.1 ± 3.0b 56.7 ± 2.6a 62.7 ± 3.8c 341.6 ± 32.6b

P.C. 115.9 ± 4.8b 106.9 ± 9.9a 61.8 ± 1.2b 50.7 ± 1.5a 52.3 ± 10.0c 320.9 ± 11.8b

Hippocampus Control 0 128.1 ± 5.8a 43.0 ± 5.3b 184.2 ± 19.4a 100.2 ± 11.9a 768.3 ± 78.8a 217.1 ± 31.3a

COLL 250 98.0 ± 8.2bc 60.3 ± 12.0ab 171.2 ± 12.1b 121.2 ± 15.3a 515.2 ± 37.7b 84.4 ± 24.7bc

500 83.7 ± 3.3c 49.6 ± 7.1ab 133.8 ± 19.5c 75.4 ± 6.9a 491.1 ± 110.0b 66.4 ± 31.1c

S(þ)-L 500 93.5 ± 4.2bc 55.5 ± 15.4ab 157.3 ± 16.2b 85.6 ± 23.8a 353.2 ± 115.0bc 62.8 ± 8.9c

R(�)-L 500 109.1 ± 2.8b 75.5 ± 6.1a 160.9 ± 8.1b 97.2 ± 14.4a 350.7 ± 45.6bc 91.3 ± 7.3c

P.C. 90.1 ± 5.1c 71.9 ± 8.0ab 144.4 ± 17.4bc 81.9 ± 11.9a 234.2 ± 20.4c 103.4 ± 8.6b

Striatum Control 0 311.5 ± 18.2a 117.5 ± 12.7c 719.5 ± 137.63b 366.5 ± 52.8b 1891.3 ± 234.6a 903.1 ± 111.4a

COLL 250 241.9 ± 29.3ab 226.3 ± 27.1ab 1510.2 ± 206.4a 593.7 ± 99.8ab 1328.1 ± 58.3b 575.5 ± 96.9b

500 202.3 ± 26.1b 270.8 ± 29.9a 1926.5 ± 208.6a 659.7 ± 85.2ab 1137.3 ± 42.1b 407.7 ± 65.7b

S(þ)-L 500 188.3 ± 26.9b 191.4 ± 9.8b 2139.7 ± 720.3a 420.6 ± 43.4b 968.6 ± 59.6b 414.5 ± 64.5b

R(�)-L 500 200.5 ± 21.2b 227.7 ± 22.6ab 2339.8 ± 329.1a 792.7 ± 184.3a 1037.4 ± 67.4b 369.8 ± 52.9b

P.C. 284.7 ± 19.7a 224.7 ± 21.7ab 1917.5 ± 73.5a 804.0 ± 103.4a 617.4 ± 47.3c 620.2 ± 36.1b

Data are expressed asmean ± standard error. n¼ 8. Observations weremade 60minutes following the oral administration of corn oil (controls), 250mg/kg and 500mg/kg LEO
of C. osmophloeum ct. linalool (COLL 250, COLL 500), 500 mg/kg S-(þ)-linalool (S(þ)-L 500), 500 mg/kg R-(�)-linalool (R(e)-L 500), and 75 mg/kg the anxiolytic drug trazodone
hydrochloride (P.C.). Different superscript letters indicate significant differences at the level of p < 0.05 according to the Scheffe test.
5-HT ¼ 5-hydroxytryptophan 5-HIAA ¼ 5-hydroxyindoleacetic acid; DA ¼ dopamine; DOPAC 3,4-dihydroxyphenylacetic acid; HVA ¼ homovanillic acid;
NE ¼ norepinephrine.
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5. Conclusion

In conclusion, the results showed that LEO from C. osmophloeum
ct. linalool and its major compound, S-(þ)-linalool, have anxiolytic
effects as good as R-(�)-linalool. LEO from C. osmophloeum ct.
linalool and S-(þ)-linalool reduced the amount of 5-HT, DA, and NE
released from mice brain frontal cortex and hippocampus. It was
also found that mice administered LEO from C. osmophloeum ct.
linalool and S-(þ)-linalool have increased the level of dopamine in
striatum, indicating that LEO from C. osmophloeum ct. linalool and
S-(þ)-linalool might have the potential to be used as reagents to
improve Parkinson disease.

The data indicated that the frontal cortex, hippocampus, and
striatumwere affected by LEO of C. osmophloeum ct. linalool and S-
(þ)-linalool, and they use other neurotransmitters and brain func-
tions to acquire anxiolytic activity. In addition, no side effects
affecting locomotor activity, including drowsiness and unusual
involuntary movement, were observed. Therefore, LEO from
C. osmophloeum ct. linalool has the potential to be developed into
cheap and safe additives and health productswith anxiolytic effects.
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