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Effect of Inhaling Bergamot Oil on Depression-Related
Behaviors in Chronic Stressed Rats
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Background: Bergamot essential oil (BEO) possesses sedation and anxiolytic properties similar to diazepam. After long
period of exposure to stressors, including restrained stress, depressive-like behavior can be produced. BEO has been
suggested to reduce depression. However, there is no scientific evidence supporting this property.
Objective: To investigate the effect of BEO in chronic stressed rats on: 1) behavior related depressive disorder, 2) hypothalamic
pituitary adrenal (HPA) axis response, and iii) brain-derived neurotrophic factor (BDNF) protein levels in hippocampus.
Material and Method: Male Wistar rats, weighing 200 to 250 g, were induced chronic restrained stress 15 minutes daily for
two weeks. For the next two weeks, these rats were divided into four groups, control-i.p., fluoxetine-i.p., control-inhale, and
BEO-inhale. Fluoxetine (10 mg/kg i.p.) or saline was intraperitoneally administered daily while 2.5% BEO or saline was
inhaled daily. At the end of the treatment, rats were assessed for depressive-like behavior using the forced swimming test
(FST). After the behavioral test, the animals were immediately decapitated and trunk blood samples were collected for the
measurement of corticosterone and adrenocorticotropic hormone (ACTH) levels and hippocampus was dissected and stored
in a freezer at -80 oC until assay for BDNF protein.
Results: BEO and fluoxetine significantly decreased the immobility time in the FST (p<0.05). Fluoxetine tended to decrease
serum corticosterone and significantly (p<0.05) decreased serum ACTH while BEO had no effect on these two stress
hormones. For BDNF protein determination, neither BEO nor fluoxetine had any effect on BDNF protein levels in hippocampus
compared to their controls.
Conclusion: The inhalation of BEO decrease behavior related depressive disorder similar to fluoxetine but has no effect on
HPA axis response and BDNF protein levels in chronic restrained stress.
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Depression is a chronic disease that causes a
major public health problem. The World Health
Organization (WHO) ranked depression as the fourth
greatest disease burden worldwide, resulting in
disability and premature death among people aged 18
to 44 years. It is expected to be among the two main
causes of disability, together with heart disease by the
year 2020(1). Depression is the most important risk factor
for suicide(2). Patients affected by chronic illness have
a higher risk for depression while depressed patients
have significantly higher rates of other chronic medical
diseases, including cardiac diseases, diabetes, and
cancer(3).

Although synthetic antidepressants have

been widely used to treat depressive disorders, the
poor tolerability and side effects of antidepressants
limit their real efficacy and acceptance especially by
many patients who often discontinue their therapy and
seek alternative antidepressants(4). Aromatherapy,
using essential oil for the treatment, has a long history
of use in supporting health and many diseases
including depression(5). For example, Lavandula
angustifilia decreased mean depression score, the
common index of depression(6). An animal study has
showed that clove oil reduced immobility in the force
swimming test (FST), suggesting its antidepressant-
like activity(7).

Bergamot, Citrus bergamia, Risso, has been
used in aromatherapy to reduce stress, anxiety, and
depressive disorders(8). However, there are only a few
systematic investigations on these biological
properties. A previous human study showed that a
mixture of lavender and bergamot demonstrated a
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relaxing effect, leading to the treatment of depression
and anxiety(9). In the cellular study, BEO has been shown
to minimize neuronal damage caused by excitotoxic
stimuli(10). Moreover, the animal study showed that
inhalation of BEO attenuated the activity of
hypothalamic pituitary adrenal (HPA) axis by reducing
the corticosterone (one of major hormones in the HPA
axis of rats) response to the stress, exposure to the
elevated plus-maze(11).

Several studies have demonstrated that
chronic stress, one of risk factors for depression,
induces significant changes in the HPA axis and brain-
derived neurotrophic factor (BDNF) protein(12,13).
Hyperactivity of HPA axis resulted from chronic stress
is associated with depression. The elevation of
plasma adrenocorticotropic hormone (ACTH) and 
corticosterone, indicators of HPA axis activity, was
observed following chronic stress. Expression of
BDNF, playing a major role in the regulation of the
growth, survival, and differentiation of neurons, has
decreased in the chronic stress, while antidepressant
treatment increases expression of BDNF(14). Fluoxetine,
a selective serotonin reuptake inhibitor, is one of the
most commonly prescribed antidepressant for the
treatment of depression. Therefore, many studies have
selected this drug to investigate the efficiency of novel
antidepressants compared with fluoxetine. Several
animal studies have demonstrated that fluoxetine
ameliorated depressive-like behavior in stress-
induced depression may be related to the up-regulation
of BDNF levels in the hippocampus and normalizing
hyperactivity in the HPA axis(12,13).

Thus, the main objective of the present study
was to compare behavioral, hormonal and molecular
effect induced by chronic administration of BEO and
fluoxetine to rats with chronic restrained stress. The
behavioral effects of BEO and fluoxetine were evaluated
in the FST a valid behavior model widely used for
screening new antidepressants. Additionally, ACTH
and corticosterone serum levels were assessed to
explore the chronic effect of BEO on the HPA axis.
In order to investigate the mechanism underlying the
antidepressant-like action of BEO, BDNF protein
level was also measured from hippocampus of rats.

Material and Method
Animals

Male Wistar rats weighing 200 to 250 g
(National Laboratory Animal Centre, Mahidol
University, Bangkok, Thailand) were used for all
experiments. The rats were housed, four per cage, at

constant temperature (22+0.5°C) and humidity under a
24-hour light/dark cycle with free access to food pellets
(National Laboratory Animal Center, Thailand) and tap
water for the duration of the study. The rats, which
were used after an adaptation period of one week, were
inexperienced to the FST and naive to exposure to
essential oil or drugs.

All procedures were carried out in accordance
with the Animal Ethics Committee of Srinakharinwirot
University (under license No. 8/2552), which is in
compliance with the International Guiding Principles
for Biomedical Research Involving Animals provided
by the National Research Council of Thailand.

Chemicals
Fluoxetine was purchased from Sigma

Chemical (USA) and diluted with 0.9% saline solution.
BEO, extracted from Kaffir Lime peels and without
bergapten, was purchased from Make Scent Limited
(Bangkok, Thailand). It was extracted from the washed,
chopped, dried, and soaked rind of bergamot fruit and
rootlets by steam distillation and yields about 0.5%.
The BEO samples were analyzed using Gas
Chromatography (GC) and confirmed using Gas
Chromatography-Mass Spectrometry (GC-MS) to
identify the major compounds (10.86% linalool, 18.57%
linalyl acetate and 26.70% limonene). A voucher sample
has been deposited at Thailand Institute of Scientific
and Technological Research. Emulsions (water/oil) of
BEO at 2.5% (w/w) were freshly prepared just before
the start of the experiments. Control inhalations were
performed using 0.9% saline solution.

Experimental design
The rats were induced chronic restrained

stress 15 minutes daily for two weeks. For the next two
weeks, these rats were divided into four groups, control-
i.p., fluoxetine-i.p., control-inhale, and BEO-inhale.
Fluoxetine (10 mg/kg, i.p.) or saline was intraperitoneally
administered daily. While 2.5% BEO or saline was
inhaled (INH) daily. The procedures of restrain stress
and inhalation were performed between 09:00 and 12:00
daily. At the end of the treatment, rats were assessed
for depressive-like behavior using the FST. After the
behavioral test, the animals were immediately
decapitated and trunk blood samples were taken and
put into tubes and then centrifuged (1,500 xg for five
minutes at 4°C). Serum was collected and subsequently
stored at -20°C until required for the corticosterone
and ACTH assay. Hippocampus was dissected and
stored in a freezer at -80°C until assay for BDNF protein
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(Fig. 1).

Inhalation of essential oils
For the experiments involving inhalation of

essential oils, the inhalation apparatus consisted of a
square transparent Plexiglas chamber (36x30x29 cm)
adapted from de Almeida et al(15). The floor of the
apparatus was made of a stainless steel grid. The
apparatus was made of acrylic fiber used to made walls,
front and back walls with four holes into which cotton
soaked with 0.9% saline or BEO was inserted. The top
wall, containing 30 small holes for ventilation, could be
opened to allow the rat in the chamber. Rats were placed
individually into the chamber seven minutes daily for
two weeks.

Restrained stress
The restraint was performed in a transparent

Plexiglas tube adjustable to animal size (15.5+2.5 cm
long and 6.3 cm diameter) with ample holes for
ventilation. Rats were exposed to 15 minutes stress
session daily for two weeks. This procedure is
considered to be psychological stressor because it does
not produce pain or direct physical insult(16). At the
end of each daily stress, the animals were returned to
their cages.

Forced swimming test (FST)
The procedure used for the FST was

performed as previously described(17). The forced
swimming tank consisted of a clear, cylindrical tank (40
cm height x 18 cm diameter) filled with a water (25°C)
depth of 30 cm. The FST was comprised of a two-day
protocol. On the first day of the test, the rats were
individually placed into forced swimming tank for 15
minutes. On the second day, each rat was left in the
swimming tank for six minutes. After the first two
minutes, the total duration of immobility (floating and
movements to keep the head out of the water only) was
measured during a 4-minute test. The duration of
immobility was regarded to be an index of the
depressive-like state of the animals. This behavior was
recorded with a videotaped for the subsequent analysis.

Determination of serum corticosterone and ACTH
levels

The levels of serum corticosterone and ACTH
were determined in rat serum under competitive enzyme
immunoassay (EIA) principle by using Corticosterone
EIA and ACTH EIA kits (Phoenix Pharmaceuticals, Inc;
USA), respectively. The assays were performed
according to the manufacturer’s instructions. Levels
of both hormones were quantified on a microplate reader
(BioTek Instruments, Inc; USA). A standard curve of
known concentrations of each protein was established
and the unknown concentrations of the protein were
determined by extrapolation to the appropriate protein
standard curve. All samples from this study were

Fig. 1 Experimental timeline. All rats were induced chronic restrained stress 15 minute daily for 2 weeks. For the next 2
weeks, these rats were divided into 4 groups; control-i.p., fluoxetine-i.p., control-inhale, and BEO-inhale. At the
end of the treatment, rats were assessed for depressive-like behavior using FST. After the behavioral test, the
animals were immediately decapitated and trunk blood samples were collected for the measurement of corticoster-
one and ACTH level. Hippocampus was dissected for the determination of BDNF protein.
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assayed in duplicate.

Measurement of BDNF protein levels
BDNF protein levels in hippocampus were

measured by the Promega BDNF Emax ImmunoAssay
System (Promaga, USA). Briefly, hippocampus samples
were weighed and homogenized in ice-cold lysis buffer.
The homogenate was then centrifuged at 14,000xg for
20 minutes at 4°C and supernatants were used for BDNF
assays. A 96-well Nunc ELISA plates were coated with
100 μl anti-BDNF monoclonal antibody (mAb) diluted
1:1,000 in carbonate coating buffer (pH 9.7) and
incubated overnight at 4°C. The plates were then
blocked with Block & Sample 1X buffer for one hour.
The samples, diluted to within the range of the standard
curve, were added and incubated for two hours at room
temperature. Wells were washed with TBST and
incubated with an anti-human BDNF polyclonal
antibody (pAb) for two hours. After washing, anti-IgY
HRP was added for one hour at room temperature.
Samples were washed and then incubated with TMB
One solution for 10 minutes to develop color. Finally,
the reaction was stopped with 1N hydrochloric acid
and the optical density (OD) was measured using an
ELISA-plate reader at a plate reader at a wavelength of
450 nm. All samples were assayed in triplicate and total
protein concentrations were determined from the
regression line for BDNF standards.

Statistical analysis
All data are expressed as the mean + SEM.

The data were analyzed by one-way ANOVA with a
post hoc Dunnett’s test on GraphPad Prism. The
differences were considered statistically significant
when p<0.05.

Results
Effect of BEO on depressive behavior in the force-
swimming test

The FST showed that stressed rats inhaled
with 2.5 % BEO for two weeks had a reduced immobility
time compared to their controls (p<0.05). Similarly,
immobility time of stressed rats treated with fluoxetine
(10 mg/kg, i.p. for two weeks) was significantly less
than that of their controls (p<0.05) (Fig. 2).

Effect of BEO on HPA axis
In the pilot study, the serum corticosterone

and ACTH levels in restrained rats were higher than
those of control rats. After exposure to the FST by
stressed rats, there was no significant difference in the

Fig. 2 Effect of bergamot essential oil (BEO) on the FST.
BEO inhalation (2.5% w/w, INH) and fluoxetine
(10 mg/kg, i.p.) injection were compared to con-
trols (0.9% saline (CONT) either i.p. or INH) on
immobility time. Data are expressed as mean +
SEM (n = 10). * p<0.05 compared to CONT (i.p.)
and # p<0.05 compared to CONT (INH).

serum corticosterone levels between either BEO-treated
rats (2.5% BEO, INH. for two weeks) or fluoxetine-treated
rats (10 mg/kg, i.p. for two weeks) and their controls
(Fig. 3A). The serum ACTH following fluoxetine
administration was significantly lower than that of
control rats (p<0.05) (Fig. 3B). However, the serum
ACTH of BEO-treated rats were not significantly
different with that of control group.

Effect of BEO on BDNF protein levels in hippo-
campus

There was no significant difference in the
BDNF expression in hippocampus between BEO-treated
rats (2.5% BEO, INH. for two weeks) and their vehicle
treatment groups. Chronic administration of fluoxetine
(10 mg/kg, i.p. for two weeks) failed to alter BDNF protein
levels in hippocampus of stressed rats (Fig. 4).

Discussion
The main finding of the current study was

that BEO and fluoxetine significantly decreased the
immobility time in the FST, indicating the antidepressant
effects. Fluoxetine has a tendency to decrease serum
corticosterone and significantly decreased serum
ACTH while BEO had no effect on these two stress
hormones. Neither BEO nor fluoxetine changed BDNF
protein in hippocampus compared to their own controls.

FST technique, previously described in detail
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by Porsolt et al, has been widely used to evaluate
depressive behavior, increased immobility time during
swimming in the apparatus, in animals including rats(17).
Administration of fluoxetine, one of the popular
antidepressants, to prenatal stressed rats reversed the
decrease in immobility in the FST(18). Others have
shown that the neonatal treatment with fluoxetine
reduced depressive behavior induced by the FST in
adult rats(19). These is consistent with the present result
showing that not only fluoxetine but also BEO

Fig. 4 Effect of bergamot essential oil (BEO) on BDNF
protein levels in hippocampus. BEO inhalation
(2.5% w/w, INH) and fluoxetine (10 mg/kg, i.p.)
compared to controls [0.9% saline (CONT) either
i.p. or INH] on BDNF protein levels in hippocam-
pus. Data are expressed as mean + SEM (n = 10).

significantly decreased the immobility time of stressed
rats in the FST, suggesting their antidepressant
properties.

There is a close relation between the incidence
of depressive disorder and dysregulation of HPA axis.
The current study showed that fluoxetine tended to
decrease serum corticosterone and significantly
decreased serum ACTH. This is in agreement with the
previous study that fluoxetine significantly reduced
stress-induced increases in plasma ACTH and
corticosterone levels(20). Interestingly, this HPA axis
response produced by fluoxetine treatment may be
related to the reduction in the immobility time in the
FST. However, chronic inhalation of BEO had no effect
either on serum corticosterone or ACTH, indicating no
effect on HPA axis response. Our study was similar to
the previous result demonstrating that chronic
administration of fluoxetine in drinking water for two
weeks did not change corticosterone level in restrained
mice(21). Essential oil inhalation can be absorbed by
nasal mucosa and then carried to the lungs and the
blood stream respectively; therefore, the active
compounds can reach the central nervous system,
including hypothalamus. For example, it was found that
rose essential oil inhalation significantly inhibited the
increase in plasma corticosterone and reduced the
increase in the number of c-Fos-positive cells in
paraventricular nucleus (PVN) of hypothalamus in rats
subjected to acute restrained stress(22). Besides,

Fig. 3 Effect of bergamot essential oil (BEO) on serum
levels of ACTH and corticosterone. Effect of BEO
on serum levels of corticosterone (A) and ACTH
(B). BEO inhalation (2.5% w/w, INH) and fluoxetine
(10 mg/kg, imps) were compared to controls [0.9%
saline (CONT) either i.p. or INH]. Data are ex-
pressed as mean + SEM (n = 10). * p<0.05 com-
pared to CONT (i.p.).
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essential oil inhalation stimulates olfactory pathway
and then transmits the impulses to the limbic system,
which can regulate the activity of HPA axis(23).

BDNF, one of neurotropic factors in human
brain, plays a major role in the regulation of developing
brain and synaptic plasticity and neuronal survival in
adult brain. Chronic stress decreases BDNF expression
whereas antidepressants increase BDNF expression(14).
The current study demonstrated that chronic
administration of either BEO or fluoxetine for two weeks
failed to alter BDNF protein level in hippocampus. The
results agreed with the recent finding that chronic
treatment with fluoxetine did not alter BDNF protein in
frontal cortex and hippocampuss of mice receiving
social defeat stress(24). Moreover, previous studies
suggested that fluoxetine-induced change in BDNF in
rat brain depends on the length of treatment, which
could contribute to the explanation of the slow onset
of antidepressant activity. After 2-week treatment, there
was a tendency for the number of BDNF-immuno-
reactive cells to increase in hippocampus in treated
rats compared with vehicle-treated controls(25).
Therefore, the shorter time course of either BEO or
fluoxetine treatment in the present study may have led
to the lack of effects on BDNF protein level in
hippocampus.

Conclusion
The results of the present study indicate that

the inhalation of BEO decreased behavior related
depressive disorder similar to fluoxetine but had no
effect on HPA axis response and BDNF expression in
chronic restrained stress. Future work should be
performed by increasing the period of BEO treatment,
which may produce adaptive changes in cellular level,
like other standard antidepressants.

What is already known on this topic ?
BEO possesses sedation and anxiolytic

properties similar to diazepam. After prolonged exposure
to stressors, depressive-like behavior can be produced.
Although BEO has been traditionally used to relive
depression for many years, there are no scientific data
supporting this effect.

What is this study adds ?
The inhalation of BEO to rats exhibited

antidepressant-like effects on FST similar to fluoxetine
however; this essential oil did not change HPA axis
response and BDNF expression in chronic restrained
stress.
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⌫⌦⌫⌫

⌫   ⌫

 ⌦⌫     ⌫⌫⌫
  ⌫⌫  ⌫ ⌫
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