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Recent studies have shown that some monoterpenes exert anxiolytic- and depressant-like actions, however,
these effects from monoterpene 1,4-cineole are still unknown. This work aimed to study the effects of 1,4-
cineole in classic animal models for depression- and anxiety-like behavior, specifically the elevated plus maze
(EPM), hole board, open field, pentobarbital sleeping time, forced swimming, tail suspension and rota rod tests.
1,4-Cineole was administered orally to mice (100, 200 and 400 mg/kg), while diazepam (1 or 2 mg/kg) and
imipramine (10 or 30 mg/kg) were used as standard drugs. 1,4-Cineole (400 mg/kg) modified all parameters
observed in the EPM,while no significant variationwas observed on general motor activity in the open-field test.
In the hole-board assay, 1,4-cineole induced increase on the number of head dips. Forced swimming and tail
suspension tests showed that cineole (200 and/or 400 mg/kg) was able to promote significant increase on the
immobility time, while a decreased sleep latency was observed (200 and 400 mg/kg ) on the pentobarbital
sleeping time. Cineole had no effect on themotor coordination of animals in the rota rod test. The results suggest
that 1,4-cineole presents potential anxiolytic-like action consistent with possible general depression of the CNS.
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1. Introduction

Essential oils are natural products that contribute to the
perception of natural flavors and fragrances from plants (Lis-
Balchin and Hart, 1999). Nevertheless, recent studies have showed
that natural compounds isolated from several essential oils exhibit a
variety of biologic properties, such as analgesic (Amaral et al.,
2007), anticonvulsant (Almeida et al., 2003), anti-inflamatory
(Almeida et al., 2001), anxiolytic (Silva et al., 2007) and gastro-
protective activities (Paula et al., 2006). These effects are frequently
attributed to monoterpenes, which are the major constituent of
essential oils.

Monoterpene cineoles are commonly found as components of
essential oils from several aromatic plants such as Laurus nobilis L.,
Salvia spp., Eucalytus spp., Xanthoxylum rhetsa D.C., Cunila spicata
and Artemisia spp. (Joanne et al., 2000). 1,8-Cineole, also known as
eucalyptol or cajeputol (Magalhães et al., 2003), is a monoterpene
ether, present in many plant essential oils. It has been reported to
alter neural firing in certain areas of the olfactory lobe, as well as to
have hypotensive and smooth muscle relaxant (Nikitin and
Balaban, 2000; Hummel et al., 2003), anti-inflammatory (Lahlou
et al., 2002), and antinociceptive activities (Santos and Rao, 2000).
The anti-inflammatory activity of 1,8-cineole is attributed to
modulation of the release of mediators from nerve terminals
(Khalil et al., 2004).

Natural monoterpene analogs of 1,8-cineole, such as 1,4-cineole,
are minor components of some of the same plant extracts (Joanne
et al., 2000). 1,4-Cineole is a widely distributed monoterpene ether,
which is one of the flavor constituents of lime juice. Its metabolism
has been described and metabolites have been isolated from the
urine of rabbits (Asakawa et al., 1988). Previous studies have
demonstrated that 1,4-cineole is a potent phytotoxin (Romagni
et al., 2000) and acts as a precursor for microbial hydroxylation.
(Rosazza et al., 1987). Despite a large body of previous studies have
demonstrated that some monoterpenes show anxiety-like behavior
consistent with general depression of the central nervous system
(CNS) (Sousa et al., 2005; Silva et al., 2007), as far as we know,
similar reports from monoterpene 1,4-cineole are still unknown in
literature. These observations led us to investigate the effects of
1,4-cineole on classic animal models for depression- and anxiety-
like behavior.
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2. Materials and methods

2.1. Animals

Male Swiss mice (20–30 g) were used in each experiment and
animals weremaintained at a controlled temperature (25±1 °C) with
a 12 h dark/light cycle with free access to water and food. For the
complete study, a total of 367 mice were used. Animals were treated
in accordance with the current law and the NIH Guide for Care and
Use of Laboratory Animals. The study was performed under the
consent and surveillance of the Committee of Ethics in Animal
Research, Department of Physiology and Pharmacology, Faculty of
Medicine, Federal University of Ceará, Ceará, Brazil.

2.2. Drugs and doses

1,4-Cineole (Sigma-USA) was emulsified with 0.2% Tween 80
(Sigma-USA) and dissolved in distilled water. Animals were treated
with the substance at doses of 100, 200 and 400 mg/kg, orally, 60 min
before the experiments. Controls received vehicle (saline with 0.2%
Tween 80) at the same volume (10 ml/kg) administered by the same
route as the treated groups.

Diazepam (DZP) 1 or 2 mg/kg (União Química/Brazil) and
Imipramine (Imip) 10 or 30 mg/kg (Geigy), used as standards, were
intraperitoneally injected after dissolution in distilled water. It is well
known that benzodiazepines act as anxiolytics (at low doses) and also
produce sedation andmyorelaxant effect at higher doses (Novas et al.,
1988). Thereby, our group has used diazepam at 1 mg/kg in EPM and
hole-board tests as standard drug for anxiolytic effect, as well as
diazepam 2 mg/kg in open field and rota rod tests as standard drug for
sedative and miorelaxant effects, respectively. Imipramine 10 or
30 mg/kg was used as standard drug for antidepressive effect in both
forced swimming and tail suspension tests in accordance to sensibility
from each model (Porsolt et al., 1977; Steru et al., 1985). Flumazenil
(FLU), a recognized competitive antagonist at the central benzodiaz-
epine receptor, was intraperitoneally injected after dissolution in
distilled water 15 min before the treatmentwith cineole to elucidate a
possible action mechanism GABAA/benzodiazepine related.

2.3. Experimental protocol

The animals were tested during the light period and observed in a
closed room at constant temperature (25±1 °C) which was poorly
illuminated with a 15-V red light, except in the forced swimming test
which was illuminated with normal light. All tests were performed on
different days with distinct groups of animals.

2.4. Elevated plus maze test (EPM)

The elevated plus maze test for mice (Lister, 1987) consisted of
two perpendicular open arms (30×5 cm) and two closed arms
(30×5×25 cm) also in perpendicular position. The open and closed
arms were connected by a central platform (5×5 cm).

The platform and the lateral walls of the closed arms were made of
transparent acrylic and the floor of black acrylic. The maze was 45 cm
above the floor. After treatment, the animalwas placed at the center of
the plus maze with its nose in the direction of one of the closed arms,
and observed for 5 min, according to the following parameters:
number of entries in the open and closed arms, and time of
permanence in each of them. The time of permanence measures the
time spent by the animal in the open and closed arms. Anxiolytic
compounds reduce the animal's aversion to the open arms and
promote the exploration thereof. The parameters observed were:
percentages of entries into open arms (PEOA), number of entries in
the open arms (NEOA), time of permanence in open arms (TPOA) and
percentage of time of permanence in the open arms (PTOA).
To this test, the animals were divided into eight groups of 10–15
animals each. The different groups were treated with: saline (control),
cineole (100, 200 and 400mg/kg), diazepam 1 mg/kg, FLU (2.5 mg/kg)
+cineole (400 mg/kg), FLU (2.5 mg/kg)+diazepam(1mg/kg) and FLU
(2.5 mg/kg).

2.5. Open-field test

The open-field area was made of acrylic (transparent walls and
black floor, 30×30×15 cm) divided into nine squares of equal area.
This apparatus was used to evaluate the exploratory activity of the
animal for 5 min (Archer, 1973). The observed parameters were as
follows: number of squares crossed (with the four paws) and number
of groomings and rearings. The animals were divided into five groups
of 10–15 animals each. The different groups were treated with: saline
(control), cineole (100, 200 and 400 mg/kg) and Diazepam 2 mg/kg.

2.6. Hole-board test

The hole-board test for exploratory behavior in mice was used as
described previously by Clark et al. (1971). The apparatus used was an
Ugo Basile of 60×30 cm with 16 evenly spaced holes with built-in
infrared sensors. In brief, adult male mice were randomly divided into
five groups with 8 mice per group. Three groups received graded
doses of 1,4-cineole (100, 200 and 400 mg/kg, p.o.). One group
received DZP (1 mg/kg, i.p.) as standard and the remaining group
(control) received saline. Thirty minutes after the administration of
DZP and 60 min after the administration of 1,4-cineole, the number of
head dips into the holes was counted for each animal for 5 min.

2.7. Forced swimming test

For these experiments the tank size was 22 cm in diameter and
40 cm in height (Porsolt et al., 1978). The tank had a rounded lid and
contained 20 cm deep fresh water at 25 °C. During the exposure, mice
were placed in the tank and left there for 5 min during which
immobility time was registered. A mouse was considered immobile
when it remained floating in the water, without struggling, making
only very slight movements necessary to keep its head above water.

The animals were divided into five groups with 10–13 animals per
group. The different groups were treated with: saline (control),
cineole (100, 200 and 400 mg/kg) and Imipramine 10 mg/kg.

2.8. Tail suspension test

The tail suspension test has been described by Steru et al. (1985).
Male Swiss mice were housed in plastic cages witha 12 h light cycle
with food and water freely available. Animals were transported from
the housing room to the testing area in their own cages and allowed to
adapt to the new environment for 1 h before testing. For the test, the
animals were divided into five groups with 8 animals per group. The
different groups were treated with: saline (control), cineole (100, 200
and 400 mg/kg) and Imipramine 30 mg/kg, in accordance to the
described method (Steru et al., 1985). They were suspended on the
edge of a shelf 58 cm above a table top by adhesive tape placed
approximately 1 cm from the tip of the tail. The duration of
immobility is recorded for a period of 6 min.

2.9. Pentobarbital sleeping time

Sixtyminutes after oral administration of 1,4-cineole at all doses or
vehicle, all groups received sodium pentobarbital (40 mg/kg, i.p.). The
time since the injection up to the loss of the righting reflex was
recorded as sleep latency and the time elapsed between the loss and
voluntary recovery of the righting reflex was recorded as sleeping
time (Rolland et al., 1991; Wambebe, 1985).
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For the test, the animals were divided into five groups with 8–15
animals per group. The different groups were treated with: saline
(control), cineole (100, 200 and 400 mg/kg) and Diazepam 1 mg/kg.
Sixty minutes after administration of treatments, all groups received
sodium pentobarbital (40 mg/kg, i.p.).

2.10. Rota rod

Animals were selected for the rota rod test before the pharmaco-
logical test. Mice, 8 per group, were divided in five groups and treated
with: saline (control), cineole (100, 200 and 400 mg/kg) and
Diazepam 2 mg/kg. Sixty minutes after oral administration of
treatments, mice were placed with the four paws on a 2.5 cm
diameter bar, 25 cm above the floor and the time of permanence on
the bar was measured for 1 min, for each animal. The rotating speed
was of 12 rpm (Dunham and Miya, 1957).

2.11. Statistical analyses

All results are presented as mean±S.E.M.. Data were analyzed by
ANOVA followed by Student–Newman–Keuls's post hoc test. Results
were considered significant at pb0.05

3. Results

3.1. Elevated plus maze test (EPM)

In this test (Fig. 1), similar to diazepam 1 mg/kg (DZP-1), only 1,4-
cineole 400 mg/kg (Cin 400) significantly increased all the parameters
Fig. 1. Plus maze test of groups of mice which received vehicle, 1,4-cineole (Cin 100, 200 an
analyzed were: NEOA: number of entries into open arms; PEOA: percentage of entries into op
the open arms. The results are presented as means±S.E.M. The letter a means a significant d
compared with 1,4-cineole 400 mg/kg (Cin 400 mg/kg); and the letter c means a significant
and Student–Newman–Keuls's as the post hoc test.
observed when compared to control (C): number of entries in the
open arms (NEOA) [F(7,75)=10.39, pb0.001], percentage of entries
into open arms (PEOA) [F(7,75)=7.03, pb0.05], time of permanence
in the open arms (TPOA) [F(7,75)=7.64, pb0.01] and percentage of
time in the open arms (PTOA) [F(7,75)=9.82, pb0.01]. Flumazenil
(FLU), a benzodiazepine antagonist, alone, did not alter the para-
meters observed. However, as expected, the pretreatment with this
antagonist prevented the anxiolytic effect of diazepam, but did not
alter the anxiolytic effect of Cin 400.

3.2. Open-field test

Fig. 2 shows that 1,4-cineole (Cin 100, 200 and 400 mg/kg) did not
alter the number of crossings, rearings and groomings, as compared to
control group (C). The animals treated with diazepam 2mg/kg (DZP-2)
showed a significant decrease in all the parameters analyzed: crossing [F
(4,40)=6.67, pb0.01], rearing [F(4,40)=4.01, pb0.05 ] and grooming [F
(4,40)=3.78, pb0.05)] as compared to the control group.

3.3. Hole-board test

Similar to diazepam 1 mg/kg (DZP-1), 1,4-cineole at dose of
400 mg/kg (Fig. 3) increased significantly the number of head dips [F
(4,41)=6.22, pb0.05], as compared to control.

3.4. Forced swimming test

In this test (Fig. 4), 1,4-cineole at doses 200 (Cin 200) and 400 mg/kg
(Cin 400), induced a significant increase in the immobility time of mice,
d 400 mg/kg), diazepam (DZP 1 mg/kg) or flumazenil (FLU 2.5 mg/kg). The parameters
en arms; TPOA: time of permanence in the open arms; and PTOA: percentage of time in
ifference when compared with control; the letter b means a significant difference when
difference when compared with DZP 1 mg/kg (*pb0.05, **pb0.01, ***pb0.001). ANOVA

image of Fig.�1


Fig. 2. Open-field test of groups of mice which received vehicle, 1,4-cineole (Cin 100, 200 and 400 mg/kg), and diazepam (DZP 2 mg/kg). The parameters analyzed were: number of
squares crossed; grooming; and rearing. The results are presented as means±S.E.M. Significant difference compared with control (*pb0.05, **pb0.01). ANOVA and Student–
Newman–Keuls's as the post hoc test.
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as compared to control (C). On the other hand, treatment with
imipramine 10 mg/kg (Imip) decreased the immobility time [F(4,54)=
37.49, pb0.001].
3.5. Tail suspension test

Fig. 5 shows that, similar to those results observed in forced
swimming test, 1,4-cineole 400 mg/kg (Cin 400) significantly in-
creased the immobility time in animals, while imipramine (Imip
30 mg/kg) produced opposite effect, as compared to the control group
[F(4,50)=33.29, pb0.001].
Fig. 3. Hole-board test of groups of mice which received vehicle, 1,4-cineole (Cin 100,
200 and 400 mg/kg), and diazepam (DZP 1 mg/kg). Number of head dips. The results
are presented as means±S.E.M. Significant difference compared with control
(*pb0.05). ANOVA and Student–Newman–Keuls's as the post hoc test.
3.6. Pentobarbital induced sleeping time

The absolute values of sleep latency and duration of sleep are showed
in Fig. 6. In this test, 1,4-cineole at doses of 200 (Cin 200) and 400 mg/kg
(Cin400), 60 minbefore injectionofpentobarbital anddiazepam(DZP-1),
induced a significant decrease in the sleep latency [F(4,50)=15.47,
pb0.01], when compared to control. Only DZP increased the duration of
sleep [F(4,50)=13.32, pb0.001] compared to control.

3.7. Rota rod

No changewas observed in the rota rod test (Fig. 7) at 12 rpm after
treatment with 1,4-cineole 100, 200 and 400 mg/kg as compared to
control, while diazepam 2 mg/kg (DZP-2), as expected, decreased the
Fig. 4. Forced swimming test of groups of mice which received vehicle, 1,4-cineole (Cin
100, 200 and 400 mg/kg), and imipramine (Imip 10 mg/kg). The parameter analyzed
was the immobility time. The results are presented as means±S.E.M. Significant
difference compared with control (***pb0.001). ANOVA and Student–Newman–Keuls's
as the post hoc test.

image of Fig.�2
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Fig. 5. Tail suspension test of groups of mice which received vehicle, 1,4-cineole (Cin
100, 200 and 400 mg/kg), and imipramine (Imip 30 mg/kg). The parameter analyzed
was the immobility time. The results are presented as means±S.E.M. Significant
difference compared with control (***pb0.001). ANOVA and Student–Newman–Keuls's
as the post hoc test.

Fig. 7. Rota rod test of groups of mice which received vehicle, 1,4-cineole (Cin 100, 200
and 400 mg/kg), and diazepam (DZP 2 mg/kg). The parameter analyzed was the time of
permanence on the bar. The results are presented as means±S.E.M. Significant
difference compared with control (**pb0.01). ANOVA and Student–Newman–Keuls's
as the post hoc test.
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parameter time of permanence of animals on the bar [F(4, 50)=5.72,
F(4,50)=33.29, pb0.001], when compared to control.

4. Discussion

In the present work, the behavior effects of 1,4-cineole, a
monoterpene ether, were investigated on classic animal models of
CNS actions, such as EPM, open field, hole board, forced swimming,
tail suspension, barbiturate-induced sleeping time and rota rod tests.
Animal models of anxiety and depression are typically based on
exposure of animals to a stressful condition (a potential or actual
threatening situation) and a specific test for measuring behavioral and
Fig. 6. Pentobarbital sleeping time test of groups of mice which received vehicle, 1,4-
cineole (Cin100, 200 and 400 mg/kg), and diazepam (DZP 1 mg/kg). The parameters
analyzed were the latency time and the sleeping time. The results are presented as
means±S.E.M. Significant difference compared with control (**pb0.01, ***pb0.001).
ANOVA and Student–Newman–Keuls's as the post hoc test.
physiological responses (Palanza, 2001). The EPM test is considered
one of the most widely validated tests for assaying new benzodiaz-
epine-like anxiolytic agents (Pellow et al., 1985; Ohl, 2003). This test
is based on the observation that rodents tend to avoid elevated areas
and, therefore avoidance of the open arms in EPM test is interpreted
as anxiety behavior (Ohl, 2003). Our results showed that 1,4-cineole
at dose of 400 mg/kg was able to increase significantly all the
parameters (PEOA, NEOA, PTOA and TPOA) in the EPM test, as
compared to the control group. Similar results were also observed
with the diazepam treated group at a recognized anxiolytic dose
(1 mg/kg), suggesting an anxiolytic-like effect from 1,4-cineole.

In order to elucidate the mechanism of the anxiolytic effect of 1,4-
cineole, we decided to use flumazenil, an antagonist of benzodiaze-
pine drugs. Our results showed that the effect of 1,4-cineole was not
reversed by the administration of flumazenil. On the other hand, the
effect of diazepam was antagonized by flumazenil. This indicates that
the anxiolytic effect of 1,4-cineole does not involve benzodiazepine
receptors.

In order to further corroborate the anxiolytic activity observed in
the EPM test, we also used the hole-board test, in which exploration is
also gradually inhibited by anxiety (Crawley, 1985). Similar to EPM,
this test is also useful for modeling anxiety and anxiolytic agents have
been shown to increase the number of head dips (Takeda et al., 1998).
Our results showed that 1,4-cineole at dose of 400 mg/kg significantly
increased the number of head dips, indicating an anxiolytic-like effect.

The tests described above are only predictive of a narrow spectrum
of behavioral patterns. Consequently, additional tests are recom-
mended to control for possible confounding factors, e.g. locomotor
activity (Ohl et al., 2001; Escorihuela et al., 1999). The open-field test
allows measurements by which it is possible to evaluate autonomic
effects of drugs and general activity of animals (Novas et al., 1988).
This test utilizes behavioral changes in rodents exposed to a novel
environment and has been used to detect anxiogenic and anxiolytic
activity under identical situations (Bhattacharya and Satyan, 1997),
although some studies also report a lack of sensitivity for anxiety-
modulation from this model (Saudou et al., 1994).

Several studies have reported that anxiolytic dose of diazepam
facilitates exploratory behavior expressed as increased head dips and
locomotion in the EPM and open field (Bhattacharya and Mitra, 1991;
Ramanathan et al., 1998). Our findings showed that the animals treated
with1,4-cineole100and200 mg/kgdidnot induce changes in locomotion
of mice in the open-field arena, while dose of 400 mg/kg showed an
evident increase in this parameter, although this change was not
significant. Also, diazepam at an accepted sedative dose (2 mg/kg)
decreased the locomotion of mice in the arena, showing a significant
sedative effect. Taken together, our results observed in EPM, hole board
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and open-field tests suggest that 1,4-cineole 400 mg/kg has anxiolytic-
like effects without inducing significant sedative action in animals.

Considering the above, we decided, in addition, to investigate the
activity of 1,4-cineole in depressed animal models. On the basis of the
clinical association of depressive episodes and stressful life events,
many of the animal models for the evaluation of antidepressant drug
activity assess stress-precipitated behaviors (Sousa et al., 2004). The
two most widely used animal models for antidepressant screening
drugs are the forced swimming (Porsolt et al., 1978) and tail
suspension (Steru et al., 1985) tests. Briefly, when mice are forced
to swim or are hung upside down by the tail in an inescapable
situation, they tend to become immobile after initial vigorous activity.
Moreover, substances that decrease immobility often have antide-
pressant properties in humans. This immobility has been described as
a symptom of “behavioral despair,” and both tests have been
suggested as animal models of human depression, although this is
open to considerable argument (Karolewiaz and Paul, 2001). In the
present study, a significant increase in immobility time was observed
in both forced swimming (200 and 400 mg/kg) and tail suspension
(400 mg/kg) tests, indicating depressant activity from 1,4-cineole,
opposite to the effects promoted by imipramine, a classical antide-
pressant drug (Porsolt et al., 1977; Willner, 1990).

A deficit inmotor coordinationwould very likely affect performance
in the forced swimming and tail suspension tests. In this way, we aimed
to investigate the effects of 1,4-cineole in the rota rod test, a classical
animal model used to evaluate peripheral neuromuscular blockage. Our
findings showed that 1,4-cineole (100, 200 and 400 mg/kg), different
from diazepam (2 mg/kg), had no significant effect on the motor
coordination of the animals in this test. Thus, the observed increase in
the immobility timeprobably is not related toperipheral neuromuscular
blockage, but may involve neurons that control central depressant
activity (Adzu et al., 2002; Silva et al., 2007).

Pentobarbital sleeping time test was used to confirm or not the
possible depressive-like effects observed with 1,4-cineole in tests
above. Decrease in sleep latency and increase in sleeping time are
classically related to central nervous system (CNS) depressant drugs
(Willianson et al., 1996). The present results showed that 1,4-cineole
(at all doses tested) significantly decrease the sleep latency, but did
not change the duration of the sodium pentobarbital-induced
hypnotic effect, suggesting a possibly sedative effect. However, this
effect was not corroborated in the open-field test in a significant way,
suggesting that 1,4-cineole possibly was able to potentiate the
pentobarbital effects showing its depressive potential, but it may
not be able to induce sedative effect itself in the doses tested.
Nevertheless, it is possible hypothesize that a higher dose of cineole is
able to induce significant sedative effects.

In summary, the present study showed that acute administration of
1,4-cineole presented anxiolytic-like effects in the elevatedplusmaze and
hole-board tests and this effect was not related to benzodiazepine
receptors. This effect was also devoid of significant sedative effect as
assessed by the open-field test. Parameters observed in the forced
swimming, tail suspension and pentobarbital sleeping time tests support
the idea that 1,4-cineole possibly presents depressor activity on the
central nervous system. These findings indicate that 1,4-cineole present
potential anxiolytic activity, however this effect requires further studies in
order to investigate the dose–response relationship considering also its
CNS depressor potential. Also, studies are required in order to elucidate
the exact mechanism involved in the cineole actions, as well as to
investigate the toxicity from this monoterpene.
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