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ABSTRACT

B-Citronellol is a monoterpene alcohol found in essential oils of various aromatic plant
species. The physiological effects of B-citronellol inhalation on the central nervous system
remain unclear. We investigated the effects of B-citronellol inhalation on mouse behavior.
First, we examined whether the odor of 3-citronellol was attractive or repellent to mice. Then,
following 30 minutes of B-citronellol inhalation, a series of behavioral tests (elevated plus
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maze, open field, Y-maze, tail suspension, and forced swim tests) were performed. Mice were
neither attracted to nor repelled by B-citronellol. Mice that inhaled B-citronellol showed an
increase in anxiety-like behavior in the elevated plus maze and open field tests. Performance
in the Y-maze and forced swim tests was not affected. These results indicate that B-citronellol
acts on the central nervous system of mice following inhalation and increases anxiety.
Essential oils and cosmetics containing 3-citronellol should be used with caution.

1. Introduction

Existing treatments for various diseases including cen-
tral nervous system disorders and inflammatory dis-
eases are not always effective [1,2]. There is a growing
need for therapeutic options that are more effective
and have fewer side effects. In recent years, interest in
alternative medicine approaches, including aro-
matherapy, has increased. Aromatherapy is a type of
complementary and alternative medicine widely used
in the management of chronic pain, depression, anxi-
ety, insomnia and stress-related disorders [4,5].
However, scientific evidence for the effects of many
essential oils used in aromatherapy is lacking [5,6].
Further, the mechanisms underlying the action of
inhaled odor molecules on the central nervous system
are unknown.

Several studies have reported that essential oils
used in aromatherapy have neurophysiological effects
[7-9]. These effects are attributed to monoterpenes,
which are the main chemical components of essential
oils [10]. Monoterpenes are also the main chemical
constituents of the aromatic components obtained by
steam distillation or solvent extraction from a wide
variety of aromatic plants. Indeed, they are also found
in edible plants and those that have established ther-
apeutic properties [11].

Citronellol, a monoterpene alcohol, is a naturally
occurring monoterpene compound widely found in

essential oils of various aromatic plant species, such
as Cymbopogon citratus [12], C. winterianus [13], and
Lippia alba [14]. B-citronellol (3,7-dimethyl-6-octen-
1-ol; CAS number 106-22-9) is a volatile non-cyclic
monoterpene found naturally in the essential oils of
several plant species worldwide. B-citronellol is natu-
rally abundant as a volatile component responsible
for the pleasant aroma and flavor of fruits. -
citronellol has odor properties that render it useful
in the perfume industry [15]. It is generally recognized
as an edible compound. The acceptable daily intake of
B-citronellol is 0.5 mg/kg body weight [3]. Some phar-
macological actions of citronellol have been studied
[16,17], including antibacterial, antifungal, antihyper-
tensive, vasorelaxant and anticonvulsant effects
[10,18,; 19].

B-citronellol is found in the environment, in cos-
metics, softeners, and other scented products. B-
citronellol in essential oils is absorbed into the olfac-
tory and respiratory systems by inhalation or enters
the body percutaneously by massage [20]. However,
the biological effects of B-citronellol inhalation are not
well established. The purpose of this study was to
clarify what changes in emotion and behavior are
caused by inhalation of B-citronellol in mice. This
study describes some actions of -citronellol and sug-
gests a physiological basis of essential oils as
a function of aromatherapy.
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2. Materials and methods
2.1. Animals

Male C57BL/6 mice, aged 11 weeks, were used for
these experiments. We used male mice for these stu-
dies to eliminate the effects of the estrous cycle in
females. Mice were randomly divided into two groups;
one group was exposed to B-citronellol (n = 10) and
the other was not (n = 10). We purchased the animals
from Charles River Laboratories (Kanagawa, Japan)
and housed them in cages with ad libitum access to
food and water in a 12-/12-h light/dark cycle and
a temperature range of 23°C-26°C. All efforts were
made to minimize the suffering and number of ani-
mals used. These experiments complied with the U.S.
National Institutes of Health (NIH) Guide for the Care
and Use of Laboratory Animals (NIH Publication No.
80-23, revised in 1996) and were approved by the
Committee for Animal Experiments at Kawasaki
Medical School Advanced Research Center.

2.2. Inhalation of B-citronellol

The inhalation apparatus was the same as that used
previously [21]. Inhalation was carried out in a sealed
container. B-citronellol occurs widely in nature and
animals may be exposed when breathing in air. No
other information about potential health effects in
animals inhaled B-citronellol was reported. We have
chosen 2 mL of B-citronellol for inhalation. A piece of
absorbent cotton (4 X 4 cm) impregnated with 2 mL
of P-citronellol (or saline control) was placed in
a stainless-steel container (60 x 60 x 35 mm) capped
by a lid with holes. The mice were unable to lick or
touch the cotton. The container was placed in a clean
breeding cage (235 x 325 X 170 mm) surrounded by
two larger cages (292 Xx 440 x 200 mm).
Approximately 20 min after cotton placement, mice
were placed into the internal cage for 30 min, prior to
behavioral testing.

2.3. Behavioral tests

All behavioral experiments were performed during
the light cycle (9:00-16:00). Each behavioral test was
separated from the next by at least one day (Figure 1).
Mice were tested in random order. After completion
of each test, the apparatus was cleaned with 70%
ethanol and water containing superoxidized hypo-
chlorous acid to prevent bias due to olfactory cues.

2.4. Odor preference test

-citronellol was acquired from FUJIFILM Wako Pure
Chemical Corporation (325-53052, Osaka, Japan).
Saline was used as a control. The testing apparatus
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Figure 1. Experimental design.
A schematic summary of the behavioral tests.

was rectangular (30 x 60 x 40 cm) and contained two
transparent cages (7.5 x 7.5 x 10 cm, with several
holes 1 cm in diameter) placed at both ends of the
apparatus. Each mouse was placed in the box for
6 min and allowed to freely explore, to habituate.
Exposure to olfactory stimuli was performed by gently
impregnating a piece of absorbent cotton (4 X 4 cm)
with 200 uL of saline or B-citronellol. The absorbent
cotton was placed in one of the transparent cages
located in the corners of each lateral compartment.
Approximately 1 min after cotton placement, mice
were placed into the box. The subject was placed in
the center of the box and allowed to explore for
6 min. One side of the rectangular area was identified
as the B-citronellol area and the other as the control
area. The amount of time spent in and around each
cage during the 6 min session was measured. The
preference index for B-citronellol was calculated as
follows: time spent around B-citronellol/[time spent
around control + time spent around p-citronellol].
After completion of each test, the apparatus was
cleaned with water containing superoxidized hypo-
chlorous acid to prevent bias due to olfactory cues.



All components of the apparatus were cleaned after
each phase of this test. After 10 min of ventilation,
each mouse was individually placed into the test box.
The test was conducted prior to other behavioral
experiments. Data were video recorded and analyzed
using video tracking software (ANY-MAZE, Stoelting
Co., Wood Dale, IL, USA).

2.5. Hot plate test

The hot plate test was used to evaluate nociception
(sensitivity to a painful stimulus) [22]. Mice were
placed on a plate heated to 55.0°C = 0.3°C, and the
latency to the first paw response was recorded. Paw
responses included foot shakes or paw licks. A latency
period of 30 s was defined as complete analgesia and
used as the cut-off time to prevent tissue injury.

2.6. Neuromuscular strength evaluation

Neuromuscular strength was examined just once
using the grip strength test. A grip strength meter
was used to assess forelimb strength. Mice were lifted
and held by the tail such that their forepaws could
grasp a wire grid; they were then pulled back gently
until they released the grid. The peak force applied by
the forelimbs was recorded in Newton (cN).

2.7. Elevated plus maze test

Anxiety-like behavior was examined using the elevated
plus maze. The apparatus consisted of two open arms
(8 x 25 cm) and two closed arms of the same size, with
30 cm high transparent walls. The arms were con-
structed from white plastic plates and elevated to
a height of 40 cm above the floor. Arms of the same
type were located opposite each other. Each mouse was
placed in the central square of the maze, facing one of
the closed arms, and could move freely between the
four arms for 10 min. The mice were video recorded and
the number of arm entries, distance traveled (m), and
time spent in the open arms were analyzed using ANY-
MAZE software.

2.8. Open field test

Exploratory behavior, anxiety-like behavior, and general
locomotor activity were examined using the open field
test. Each mouse was placed in the center of the appa-
ratus consisting of a square area surrounded by walls
(45 x 45 x 40 cm). The total distance traveled (m) and
the time spent in the central area (s) were recorded. The
central area was defined as the middle 20 x 20 cm area
of the field. The test chamber was illuminated at 100 lux.
Data were collected over a 30 min period. Data analysis
was performed using ANY-MAZE software.
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2.9. Y-maze test

Spatial working memory was measured using
a Y-maze apparatus (arm length: 40 cm, arm bottom
width: 3 cm, arm upper width: 10 cm, height of wall:
12 cm). Mice were placed at the center of the Y-maze
for 10 min. Visual cues were placed around the maze
in the testing room and were constant throughout
the testing sessions. Mice were tested with no pre-
vious exposure or habituation to the maze. The total
distance traveled (m), the number of entries, and the
number of alternations were recorded and analyzed
using ANY-MAZE software.

2.10. Tail suspension test

Depression-like behavior was examined using the tail
suspension test. Each mouse was suspended by the tail
at 60 cm above the floor in a white plastic chamber
using adhesive tape placed <1 cm from the tip of the
tail. The resultant behavior was recorded for 6 min.
Images were captured via a video camera, and immobi-
lity time was measured. In this test, the ‘immobile per-
iod’ was defined as the period when the animals
stopped struggling for >1 s. Data acquisition and analy-
sis were performed using ANY-MAZE software.

2.11. Porsolt forced swim test

The Porsolt forced swim test (PFST) was also used to
examine depression-like behavior. The apparatus con-
sisted of four Plexiglas cylinders (20-cm height x 10-cm
diameter). The cylinders were filled with water (23°C) to
adepth of 7.5 cm, based on previous studies [23,24]. The
mice were placed into the cylinders for 6 min and
recorded. As in the tail-suspension test, immobility
time was evaluated using ANY-MAZE software.

3. Statistical analyses

Data were analyzed using one-way analysis of var-
iance (ANOVA) followed by Tukey's test, two-way
repeated measures ANOVA followed by Fisher’'s LSD
test, Student’s t-tests, or paired t-tests. Differences
with a p-value <0.05 were regarded as statistically
significant. Data are presented as box plots.

4. Results
4.1. B-Citronellol odor preference

We examined whether mice found {-citronellol repul-
sive or attractive. No differences were observed in the
time spent in different areas of the apparatus, the num-
ber of entries around the cage, or time spent around the
cage (Figure 2(a), t = —-0.061, p = 0.952; Figure 2(b),
t = -0.498, p = 0.629; Figure 2(c), t = 0.516, p = 0.617).
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odor preference test
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Figure 2. B-Citronellol preference in mice.
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Graphs showing the time spent in each area (a), number of entries around the cage (b), time spent around the cage (c), and B-citronellol
preference index (d). All data are presented as box plots. *, significant difference compared to control (p < 0.05). p-values in a, b, and ¢ were

calculated using Student’s t-tests. (a-c) n = 10.

The B-citronellol preference index was approximately
0.5 (Figure 2(d)).

4.2. Effect of B-citronellol on neuromuscular
strength and pain response

To evaluate the acute effect of B-citronellol on ther-
mal pain, we used the hot plate test. Mice were
placed on a hot plate to assess nociception. There
were no significant differences in the pain threshold
between mice exposed to B-citronellol and control
mice (Figure 3(a), t = —0.949, p = 0.355).

We compared the neuromuscular strength of mice
exposed to B-citronellol and control mice. There were
no significant differences in grip strength between
the two groups (Figure 3(b), t = 1.750, p = 0.096).

4.3. Effect of B-citronellol in the elevated plus
maze test

Using the elevated plus maze, we evaluated anxiety-
like behavior in mice after B-citronellol inhalation. No
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differences were observed in the total distance tra-
veled (Figure 4(a), t = 0.655, p = 0.520) or the total
number of entries into open arms (Figure 4(b),
t = 1426, p = 0.170). The time spent in the open
arms was significantly lower in mice exposed to
B-citronellol than in control mice (Figure 4(cd),
t = 2.456, p = 0.024).

4.4. Effect of B-citronellol in the open field test

In the open field test, we observed significant difference
in the total distance traveled (Figure 5(a), t = 2.150,
p = 0.045, D, Fs90 = 1.924, p = 0.004), the number of
total entries into the central area (Figure 5(b), t = 2.111,
p = 0.048, E, F5 9o = 0.744, p = 0.761), or the time spent in
the central area (Figure 5(c), t = 2219, p = 0.040,
F, F590 = 0.324, p = 0.819) between the two groups.

4.5. Effect of B-citronellol in the Y-maze test

We examined the effect of B-citronellol on short-term
spatial working memory by monitoring spontaneous

p=0.096

] control
[ B-citronellol

Figure 3. Effect of B-citronellol on normal physical characteristics.

(a) Hot plate test. (b) Grip strength. All data are presented as box plots. *, significant difference compared to control (p < 0.05). p-values were
calculated using Student’s t-tests. (a, b) control: n = 10, B-citronellol: n = 10.
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Figure 4. Effect of B-citronellol on performance in the elevated plus maze.

Graphs showing the total distance traveled (a), the number of total entries into open arms (b), and the time spent in the open arms (c) in the
elevated plus maze test. Sample trace of subject mice in the elevated plus maze test (d). All data are presented as box plots. *, significant
difference compared to controls (p < 0.05). p-values were calculated using Student’s t-tests in A—C. control: n = 10, B-citronellol: n = 10.

alternation in the Y-maze test. There were no significant
differences between the groups in the total distance
traveled (Figure 6(a), t = 0.888, p = 0.385), number of
arm entries (Figure 6(b), t = 1.215, p = 0.239), or alter-
nation percentage (Figure 6(c), t = —0.850, p = 0.406).

4.6. Effect of B-citronellol on depressive-like
behavior in mice

We evaluated depression-like behavior in mice after -
citronellol inhalation. In the tail-suspension test, the
percentage of time spent immobile was significantly
lower in mice exposed to B-citronellol than in control
mice (Figure 7(a), t = 2.436, p = 0.025). There were no
significant differences between the groups in the pro-
portion of time spent immobile in each 1 min period
(Figure 7(b), F590 = 0.318, p = 0.893). In the PFST, no
significant differences were observed between the
groups (Figure 7(c), t = 0.495, p = 0.626; Figure 7(d),
Fseo = 0.293, p = 0.293).

5. Discussion

In this study, we show that inhalation of B-citronellol
increases anxiety-like behavior in mice, as determined
by the lower time spent in open arms of the elevated

plus maze, and the decreased activity in the open field.
Inhalation of B-citronellol caused no clear changes in
several other behavioral tests compared to control mice.

Mice exhibited neither favorable nor repellent
behavior to B-citronellol. This is consistent with pre-
vious reports of interest in citronellol in mice [25].
Furthermore, this result indicates that repulsive
odors like those of predators do not increase anxiety
in mice.

Using the hot plate test, we found that inhalation
of B-citronellol showed no analgesic effect. However,
citronellol has previously been reported to have cen-
tral analgesic effects at several doses [26]. These
effects, as well as similar ones observed following
administration of monoterpenes such as citronellal
[27,28], a-terpineol [29], and linalool [30], suggest
that the opioid system is involved in the analgesic
action of citronellol. The discrepancy between those
results and the ones of the present study may be due
to differences in the dose administered or the route of
administration. To further elucidate any analgesic
effect of B-citronellol by inhalation, it would be useful
to investigate varying the inhaling time and dose.

We found no effect of B-citronellol inhalation on
motor function. This is in line with a previous report
showing that intraperitoneal administration of
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Figure 5. Effect of B-citronellol on performance on the open field test.

Graphs showing the total distance traveled (a), the number of total entries into the central area (b), and the total time spent in the central area
() in the open field test. Graphs showing the distance traveled (d), the number of entries into the central area (e), and the time spent in the
central area (f) in each 5 min-period of the test. Data are presented as box plots in a-c and means + standard errors in d-f. *, significant
difference compared to controls (p < 0.05). p-values were calculated using Student’s t-tests in a-c, and two-way repeated measures analysis of
variance in d-f. (a-f) control: n = 10, B-citronellol: n = 10.
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Figure 6. Effect of B-citronellol on performance on the Y-maze test.

Graphs showing the total distance traveled (a), total number of arm entries (b), and percentage of alternations (c). All data are presented as box
plots. *, significant difference compared to controls (p < 0.05). p-values were calculated using Student’s t-tests in a-c. (a-c) control: n = 10, B-
citronellol: n = 10.

citronellol has no effect on motor function [26], and explored in the literature, we performed the Y-maze test.

inhalation of citronellol had no effect on forelimb grip ~ We found no effect of B-citronellol in this test.

strength. Our results showed that following B-citronellol
To determine whether inhalation of p-citronellol inhalation, mice exhibited reduced depression-like

affected cognitive function, which has not been previously behavior in the tail suspension test. This is the first
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Figure 7. Effect of B-citronellol on depressive-like behavior.

time

Graphs showing the proportion of total time spent immobile (a) and the proportion of time spent immobile in each 1 min period (b) in the tail
suspension test. Graphs showing the proportion of total time spent immobile (c) and the proportion of time spent immobile in each 1 min
period at day 1 (d) and in the Porsolt forced swim test. Data are presented as box plots in a, c and means + standard errors in b, d. *, significant
difference compared to controls (p < 0.05). p-values were calculated using Student’s t-tests in a and ¢, and two-way repeated measures analysis

of variance in b and d. (a-d) control: n = 10, B-citronellol: n = 10.

report of this finding to our knowledge, and it aligns
with other reports that essential oils containing citro-
nellol reduce depression-like behavior [31]. However,
in the forced swimming test, mice that inhaled (-
citronellol did not exhibit reduced depression-like
behavior. Thus, the influence of p-citronellol on
depression-like behavior in the tail suspension test
may be due to an anxiety-increasing effect. Further
studies are needed to clarify the effects of f-
citronellol on depression-like behavior.

This study showed that mice that inhaled f-
citronellol exhibited increased anxiety-like behavior
in the elevated plus maze and open field test. There
are reports of the anxiolytic effects of citronellol using
the Geller and Vogel competition tests in mice [32]. To
the best of our knowledge, this is the only report that
has shown the effect of citronellol on anxiety-like
behavior. However, it is difficult to compare the
results of behavioral experiments performed in mice

using intraperitoneal injections, which is highly stress-
ful compared to administration by inhalation.
Furthermore, intraperitoneal administration of scent
molecules is an unrealistic administration method in
humans. Nonetheless, these results show that citro-
nellol is likely to affect anxiety.

In addition, it has been reported that inhalation of
odorant molecules such as linalool [33], limonene [34],
linalool oxide [35], and a-pinene [36] results in anxio-
lytic action. It is interesting to note that although
there are reports of anxiolytic effects of odor mole-
cules, there are no reports showing anxiety effects to
the best of our knowledge. While there are essential
oils that have a sedation effect, there are also essential
oils that have a stimulant effect. It is plausible that
there exist similar increases and decreases regarding
anxiety. The results of this study are the first showing
the neuropsychological effects of B-citronellol inhala-
tion as an odorant in mice.
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In recent years, symptoms including headaches, aller-
gic symptoms, and discomfort are increasingly common
due to scent molecules contained in perfumes, deter-
gents, and softeners. It has also been reported that
activation of the Transient Receptor Potential A1l
(TRPAT) Cation Channel, a receptor for odor molecules,
may be involved in inflammation, pain, and neurotoxi-
city [37]. Anxiety and fear are stressful for animals. An
increase in anxiety due to inhalation of B-citronellol is
also presumed to be stressful. The results of this study
show that inhalation of B-citronellol may exacerbate
fragrance pollution and aggravate neuropsychiatric dis-
orders. Further studies are needed to determine the
effects of long-term inhalation.

Anxiety disorders are the most common class of
mental disorders. About 5.3% of adults in Japan and
18.2% of adults in the USA have met at least one
diagnostic criterion for anxiety disorder within the
last 12 months [38]. Because of these high morbid-
ities, the development of effective treatments and
tools to treat anxiety disorders is a pressing issue in
the psychiatric field. To that end, it is necessary to
clarify the mechanisms by which anxiety occurs.

In addition to anti-anxiety drugs, aromatic com-
pounds derived from plant extracts have been used
in traditional medicine as a treatment for anxiety [39].
However, the neural mechanisms underlying the
reported anxiolytic effects of odorant compounds
have not yet been fully elucidated. This study indi-
cates that essential oils including B-citronellol may
have an anxiety-enhancing effect. The results may
not be true for humans, as mice have a sharper
sense of smell and smaller body size than humans.
However, the use of essential oils, including (-
citronellol, needs to be carefully considered.

6. Conclusions

Inhalation of B-citronellol acts on the central nervous
system of mice and increases anxiety-like behavior.
However, inhalation of f-citronellol did not affect
activity, sensory function, or cognitive function. This
study provides evidence that essential oils including
B-citronellol have neuropsychological effects.
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