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Geraniol is a monoterpene alcohol that is derived from the essential oils of aromatic plants,
with anti-inflammatory, antimicrobial, antioxidant and neuroprotective properties. This
study characterized the effect of geraniol on behavior and brainwave patterns in rats. Male
rats were submitted to administration of geraniol (25, 50 and 100 mg/kg). The hole board
(HB) and open field (OF) tests were performed to evaluate anxiety and motor behavior,
respectively. In addition, barbiturate-induced sleeping time (BIST) was used to analyze
sedative effect. Finally, electrocorticogram (ECoG) recordings were used to characterize
brain-wave patterns. The results showed that geraniol treatment in rats decreased the
distance traveled, rearing numbers and lead to increase in immobility time in HB and OF
tests. In BIST test, geraniol treatment increased sleep duration but not sleep latency in the
animals. Furthermore, geraniol-treated animals demonstrated an increase in the per-
centage of delta waves in the total spectrum power. Taken together, our results suggested
that geraniol exerted a depressant effect on the central nervous system of rats.
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At a glance commentary
Scientific background on the subject

Geraniol is an important constituent of essential oils.
Some studies have reported geraniol effects on the
central nervous system in invertebrates and vertebrates,
like neuroprotective, anti-inflammatory,
protective and antidepressant effects. Its depressant ef-
fect has not been reported before.

neuro-

What this study adds to the field

Many monoterpenes have depressant, sedative—hyp-
notic and anxiolytic effects. Given to this, we hypothe-
sized that geraniol has also a depressant effect on the
central nervous system. Therefore, this study aimed to
investigate the central effects of geraniol on rat behavior
associated with electrocorticogram (ECoG) power
spectra.

Geraniol is an important constituent of essential oils of ginger,
lemon, lime, lavender, nutmeg, orange, rose, etc. It is the main
acyclic monoterpenoid of several aromatic herb oils [1] and
isolated from Rosa damascene [2], Monarda fistulosa [3], Draco-
cephalum moldavica [4] and Cymbopogon winterianus [5]. This
substance is widely used in perfumes and toilet solutions
owing to its rose-like aroma [6].

Some studies have reported geraniol effects on the central
nervous system (CNS) in invertebrates and vertebrates. Ge-
raniol showed neuroprotective effect against acrylamide-
induced oxidative stress, mitochondrial dysfunction and
neurotoxicity in a model using the fruit fly [7]. Geraniol was
also neuroprotective in a 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced mice model of Parkin-
sonism, i.e., geraniol was capable of traversing the cellular
membrane and suppressed MPP+ (a toxic metabolite from
MPTP)-induced lipid peroxidation and mRNA expressions [8].
In another study, geraniol pretreatment improved neuro-
muscular impairment, tyrosine hydroxylase expression and
decreased a-synuclein expression in MPTP-intoxicated
Parkinsonian mice, in a dose dependent manner [9]. In both
studies there was improvement of motor deficits in the ani-
mals pre-treated with geraniol.

Relevant to the present study, geraniol showed antidepres-
sant effect in mice exposed to a chronic unpredictable mild
stress model. Animals treated with geraniol for three weeks
showed attenuation of the depression-related behaviors [10].
Futhermore, it was demonstrated that geraniol is a probable
anticonvulsant. In this study was seen that geraniol increased
the latency for the first pentylenetetrazole-induced convulsion
and protected the animals against seizures. Pentylenetetrazole
is a competitive GABA, receptor antagonist [11].

However, its depressant effect has not been reported
before. Many monoterpenes have depressant,
sedative—hypnotic and anxiolytic effect. The aqueous extracts
of peanut stems and leaves had linalool (a monoterpene) as
one of the main constituents. This extract had a

sedative—hypnotic effect by affecting neuro-transmitter
levels in mice in the cerebrum, brain stem and cerebellum
[12].  Isopulegol, neoisopulegol, (+)-isopinocampheol,
(-)-myrtenol, (+)-cis-myrtanol, (+)-p-menth-1-en-9-o0l and
(+)-neomenthol also showed a depressant effect in the
pentobarbital-induced sleep test, indicating a sedative prop-
erty [13].

Given this, we hypothesized that geraniol has also a
depressant effect on the central nervous system. Therefore,
this study aimed to investigate the central effects of geraniol
on rat behavior associated with electrocorticogram (ECoG)
power spectra.

Material and methods
Animals

Wistar rats (3—4 months) were randomly housed in appro-
priate cages with free access to food and water, under
controlled conditions of temperature (22 + 1 °C) and a 12 h
light/dark cycle (lights on 06:00 a.m.). The animals' age
(90—120 days) and route of administration choices were based
on previous studies that performed behavioral tests and ECoG
in Wistar rats, with or without pretreatment [14—21]|. Animals
were handled according to the Brazilian law for the use of
animals in scientific research (Law number 11.794). Experi-
mental protocols and all procedures described were approved
by local ethical committee (CEPA/UFS N° 26/2013). All efforts
were made to minimize animal pain, suffering, or discomfort
during treatment.

Drugs

Diazepam (DZP, Teuto, Andpolis, Brazil), thiopental (Cristdlia,
Itapira, Brazil), polyoxyethylene-sorbitan monolated (Tween
80, Synth, Diadema, Brazil) and geraniol (98%, Sigma Chemical
Co. USA) were diluted in saline solution and given intraperi-
toneally (i.p.) at 1 ml/kg.

Hole-board test

The hole-board set-up apparatus is a wooden box
(66 x 56 x 47 cm) with sixteen equidistant holes (3 cm diameter)
on the floor. Animals were randomly assigned to one of the
following groups: a control group that received vehicle (saline,
n = 7); three experimental groups that received 25, 50 or
100 mg/kg (n = 15—16) of geraniol; and a DZP group (0.5 mg/kg,
n = 7). After 30 minutes, each rat was placed in the inferior right
corner of the hole-board and was recorded for 5 minutes. Below
the surface of the holes, a sensor counted the head-dippings
duration (number of head dives). The evaluated parameters
were distance traveled, immobility time, rearings numbers and
head-dippings duration. After each trial, the floor of the appa-
ratus was carefully cleaned to remove traces of previous paths.

Open field test

The open field test consists of a circular apparatus (81 cm
diameter and 65 cm tall), made of wood and painted black.
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Rats were randomly assigned to one of five groups: SLN
(saline 0.9%, n = 11), DZP 1.5 mg/kg (anxiolytic positive
control, n = 7), DZP 5.0 mg/kg (sedative positive control,
n = 8), geraniol 25, 50 or 100 mg/kg (n = 6—8). After 30 mi-
nutes, each rat was placed in the center of the open field by
free exploration (5 min). Distance traveled in the whole
arena (m), immobility time (s) and rearing frequency were
evaluated.

Barbiturate-induced sleeping time (BIST)

Animals were assigned to one of three groups: saline (n = 12),
geraniol 100 mg/kg (n = 12) and DZP 5.0 mg/kg (n = 14). After 30
minutes, each rat was administered with thiopental (60 mg/
kg)and placed in a box. For each animal was evaluated the
time to loss (latency) and recovery (sleeping time) of the
righting reflex.

Surgical procedure

Prior to surgery, rats were anesthetized intraperitoneal with
ketamine (100 mg/kg) plus xylazine (10 mg/kg). After verifi-
cation of the anesthetic state, the animal was placed in ste-
reotaxic frame (Insight, Ribeirao Preto, Brazil). Local
anesthetic (0.1 mL of lidocaine 2%) was injected percutane-
ously to the exposed tissue of the head. Three holes were
created to implant the electrode sets using the following
stereotaxic coordinates from bregma: frontal (AP: + 2 mm;
ML: +1.5 mm), parietal (AP: — 4.3 mm; ML: — 2 mm) and
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occipital (AP: — 10.1 mm; ML: +1.5 mm). Three screws
(stainless steel annealed) were implanted in three cortical
areas epidurally and served as electrodes. They were con-
nected to pin with a small insert, where the data collection
wires were inserted. The electrodes were anchored to the
skull with dental acrylic. Animals were given 5—7 days of
post-operative recovery prior to the start of the experimental
proceedings.

Electrocorticogram data acquisition and processing

Electrocorticogram (ECoG) recordings were obtained with the
animal awake after the administration of geraniol (100 mg/kg)
during 1 hour. Signals were amplified. Digitalization (sampling
rate 1000 Hz) and data recording were done using a Windaq
(Dataq Instruments) acquisition system. ECoG recordings
were inspected visually and artifact-containing EEGs were
discarded before and during analysis.

Analysis ECoG data

After recording, raw ECoG was divided into eleven intervals of
5 minutes each. Power spectrum analysis of ECoG was per-
formed using MATLAB code (MathWorks Inc.), which com-
putes power by pwelch function. The digital values of power
spectra of four major bandwidths of ECoG — delta (0.5—4 Hz),
theta (4—8 Hz), alpha (8—13 Hz) and beta (13—30 Hz) — were
obtained. The power of ECoG waves was expressed in per-
centage of total spectrum power.
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Fig. 1 Effect of geraniol (25, 50 and 100 mg/kg) in rats submitted to hole-board test. (A) Distance traveled, (B) immobility time, (C)
number of rearing and (D) duration of head-dipping. One way ANOVA followed by Fisher's LSD test for multiple comparisons
(*p < 0.05, *p < 0.01 and ***p < 0.001 compared with control group; *p < 0.05, #p < 0.01 and **#p < 0.001 compared with DZP
(0.5 mg/kg) group. Data expressed as mean + SEM. Abbreviations: SLN: saline; DZP: diazepam. Experimental groups: SLN (n = 7),
DZP 0.5 mg/kg (n = 7), geraniol 25 (n = 16), 50 (n = 15) and 100 mg/kg (n = 16).
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Fig. 2 Effect of geraniol (25, 50 and 100 mg/kg) in rats
submitted to open field test. (A) Distance traveled, (B)
immobility time and (C) number of rearing. One way ANOVA
followed by Fisher's LSD test for multiple comparisons

(*p < 0.05, *p < 0.01 and *™*p < 0.001 compared with control
group; *p < 0.05, #p < 0.01 and **p < 0.001 compared with
DZP (1.5 mg/kg) group; “p < 0.05, **p < 0.01 and *"*p < 0.001
compared with DZP (5.0 mg/kg) group. Data expressed as
mean + SEM. Abbreviations: SLN: saline; DZP: diazepam.
Experimental groups: SLN (n = 11), DZP (n = 7) e 5.0 mg/kg
(n = 8), geraniol 25 (n = 7), 50 (n = 8) e 100 mg/kg (n = 6).

Statistical analysis

Data normality and homogeneity of variances were tested by
Shapiro—Wilk and Levene tests. For the behavioral data, one-
way ANOVA was used followed by Fisher's LSD test for mul-
tiple comparisons. Two-way ANOVA followed by Bonferroni's
multiple comparisons test was performed on the ECoG data.
All statistical analyses were conducted with Statistica 8.0 and
Graphpad Prism 5.0 software. Values of p < 0.05 were accepted
as significant.

Results
Effects of geraniol on behavior

For hole-board test analysis, one-way analysis of variance
(ANOVA) revealed significant effect of treatment for all pa-
rameters: distance traveled [F(4,56) = 5.94, p < 0.001], immo-
bility time [F(4,56) = 9.99, p < 0.001), rearing number
[F(4,56) = 10.02, p < 0.001] and head-dipping duration
[F(4.56) = 7.92, p < 0.001]. Fisher's LSD post-hoc test showed
that the geraniol (100 mg/kg) and DZP 0.5 groups decreased the
distance traveled when compared to saline group (p = 0.014;
p < 0.001, respectively) [Fig. 1A]. Furthermore, immobility time
was higher in geranioltreated animals (100 mg/kg) when
compared with saline group (p < 0.001) [Fig. 1B]. In addition,
geraniol (25 and 50 mg/kg) treatment decreased immobility
time compared with DZP-treated animals (p = 0.033; p = 0.017,
respectively). In relation to rearing number, geraniol-treated
animals (50 and 100 mg/kg) showed a decrease in the fre-
quency when compared with saline(p < 0.001; p < 0.001,
respectively) and DZP 0.5 (p = 0.004) groups [Fig. 1C]. For head-
dipping duration, animals receiving geraniol (100 mg/kg)
showed a significant reduction when compared with DZP-
treated rats (p < 0.001). However, DZP group (0.5 mg/kg) had
a increase when compared with saline (p = 0.002) and gera-
niol, at 25 mg/kg (p < 0.001), 50 mg/kg (p < 0.001) and 100 mg/kg
(p < 0.001), groups.

In the open field test, one way ANOVA showed differences
in all parameters: distance traveled [F(5,41) = 16.39; p < 0.001],
immobility time [F(5,41) = 20.54; p < 0.001] and rearing number
[F(5,41) = 17.40; p < 0.001). Post hoc analysis revealed a
decrease in the distance traveled on geraniol (25, 50 and
100 mg/kg) and DZP (5.0 mg/kg) when compared with saline
(p = 0.015; p < 0.001; p < 0.001; p < 0.001, respectively) and
diazepam 1.5 mg/kg (DZP 1.5) groups (p < 0.001; p = 0.042;
p < 0.001; p < 0.001, respectively). Geraniol-treated animals (25
and 50 mg/kg) also showed reduction in comparison to DZP 5.0
group (p < 0.001; p = 0.027, respectively). However, DZP 5.0 and
geraniol (50 and 100 mg/kg) groups showed an increase in
immobility time when compared with saline group (p < 0.001;
p < 0.001; p < 0.001, respectively) [Fig. 2B]. All geraniol-treated
animals increased the immobility time compared with DZP 1.5
(p = 0.007; p < 0.001; p < 0.001, respectively) and DZP 5.0
(p < 0.001; p < 0.001; p < 0.025, respectively).

For the rearing number, the Fisher's LSD test revealed
decrease for DZP 5.0 and geraniol (50 and 100 mg/kg) groups
(p < 0.001; p = 0.008; p = 0.001, respectively), however an
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increase for DZP 1.5 group (p = 0.001), when compared with
saline group. Geraniol treatment (25, 50 and 100 mg/kg) and
DZP (5.0 mg/kg) decreased the rearing number compared with
DZP-treated animals (1.5 mg/kg) (p = 0.005; p < 0.001; p < 0.001;
p <0.001, respectively). Geraniol-treated rats (25 and 50 mg/kg)
showed higher rearing frequency when compared with DZP
5.0 group (p < 0.001; p = 0.015, respectively).

For barbiturate-induced sleeping time [Fig. 3], no differ-
ences were found in sleep latency (p = 0.873). However, one
way ANOVA showed alterations in sleep time [F(2350 = 5.16;
p = 0.011]. Fisher's LSD test revealed increase in the duration
of sleeping time induced by thiopental in animals pre-
treated with DZP 5.0 (p = 0.003) and geraniol (100 mg/kg)
(p = 0.040).

Effect of geraniol in ECoG power spectra

Systemic administration of geraniol (100 mg/kg) changed the
ECoG power spectra of rats. Raw ECoG samples for each ani-
mal are shown in Table 1. Indeed, ANOVA showed that there
are differences among the four bandwidths [F(3.28) = 758.2;
p < 0.001] and interaction effects [F(3.28) = 10.50; p < 0.001].
Bonferroni's test showed that delta waves was bigger
(p < 0.001), and theta was smaller (p = 0.021), in the animals
treated with geraniol [Fig. 4]. No alterations were observed in
other bandwidths (alpha and beta).

Discussion and conclusion

In this study, we investigated the central effects of geraniol
treatment on rat behavior. To the best of our knowledge, this
is the first study report the depressant effect of geraniol on the
central nervous system of rats. We have chosen the open field
test to evaluated if geraniol affected the exploratory activity of
the animals, the hole-board because it is an efficient test to
measure anxiety state in rodents and we have wanted to know
if geraniol is an anxiolytic drug in smaller doses [22—25]. After
this, we did the barbiturate-induced sleeping time test
because geraniol showed some signs of depression on CNS
and this is a specific test to evaluate depressant drugs [26,27].
Finally, we evaluated if geraniol affected the patterns of brain
waves, since this measure express the state of sleep/wake of
the individual [28]. In order to come to such a conclusion, rats
under acute effect of geraniol were submitted to hole board,
open field, and barbiturate-induced sleeping time tests, and
patterns of brain waves were analyzed.

Regarding the hole-board test, as indicated by our data
[Fig. 1], it was observed that geraniol (100 mg/kg) decreased
distance traveled and number of rearing and increased
immobility time, in comparison with control groups (saline
and DZP 0.5 mg/kg). No differences were observed in relation
to head-dipping time, but the geraniol-treated animals (25, 50
and 100 mg/kg) showed lower duration of head-dippings
compared to the DZP-treated animals at anxiolytic dose
(0.5 mg/kg) for this test, because the animals showed low lo-
comotor activity. In other words, geraniol-treated animals
were lethargic and as a consequence there was decrease
motor activity (walk, rearing or head-dipping).
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Fig. 3 Effect of geraniol (100 mg/kg) and diazepam (5 mg/kg)
in rats in relation to (A) latency and (B) barbiturate-induced
sleeping time (60 mg/kg). One way ANOVA followed by
Fisher's LSD test for multiple comparisons (*p < 0.05 and
*p < 0.01 compared with control group). Data expressed as
mean + SEM. Abbreviations: SLN: saline; DZP: diazepam;
GER: geraniol. Experimental groups: SLN (n = 12), DZP

5.0 mg/kg (n = 14), geraniol 100 mg/kg (n = 12).

Similarly, the results obtained in open field test corrobo-
rated this hypothesis, because geraniol-treated animals (50
and 100 mg/kg) also showed reduction of the distance traveled
and rearing frequency, moreover there was an increase in the
immobility time in the animals compared with saline and DZP
1.5 groups.

Notwithstanding, geraniol is not the first monoterpene
that caused depressant effect in rodents. This effect on the
CNS was also reported in citronellal-treated mice. The
citronellal chemical structure is similar to that of geraniol.
There is only one difference between these two molecules:
in the geraniol there is a double bond between the sixth and
seventh carbon, whereas in the citronellal the double bond
occurs between the eighth carbon and oxygen. Citronellal-
treated mice demonstrate decreased motor activity in the
remaining time on the rota-rod apparatus and increased
latency for onset of convulsions induced by pentylenete-
trazole [29].
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Table 1 Raw ECoG for each animal treated with saline or geraniol (100 mg/kg). Five seconds cut of raw ECoG after 30 minutes
of recording.
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Our research group in previous study demonstrated that
the treatment with geraniol (200 mg/kg) and the inclusion
complex geraniol/B-cyclodextrin (100 and 200 mg/kg) in rats
significantly increased the latency for the first
pentylenetetrazole-induced convulsion and protected 50% of
the animals against seizures [11]. Pentylenetetrazole is a
competitive GABA, receptor antagonist that is well estab-
lished as a model for the study of seizures in rodents and
scanning potential anticonvulsant and sedative drugs [30].
GABA, receptors have historically been the main targets for
commercially-useful hypnotics. Benzodiazepines, the most
widely-used class of hypnotics, are high-affinity allosteric
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Fig. 4 ECoG relative spectrum power in four bandwidths,
delta (0.5—4 Hz), tetha (4—8 Hz), alpha (8—13 Hz) and beta
(13—30 Hz) recorded from the cortex of rats treated with
saline (n = 4) or geraniol 100 mg/kg (n = 5). Data evaluated by
two way ANOVA followed by Bonferroni's test (*p < 0.05
compared with control group). Data expressed as

mean + SEM.

modulators of GABA, receptors and act indirectly by poten-
tiating GABA activation of these receptors [31].

Taking into account the above information, we suggest
that the mechanism of action of geraniol may be related to
modulation of the GABA receptor. Under physiological con-
ditions, GABA receptor activation produces neuronal inhibi-
tion that is vital to the normal function of the CNS [32].

Other monoterpenes (Linalool, Myrtenol, Verbenol and
Menthol) showed sedative effect mediated by GABA receptor.
Linalool, a major component of lavender oil harbors, is a
positive allosteric potential at GABA4 receptors. Myrtenol and
verbenol also act on GABA, receptors, by decrease phasic and
tonic GABAergic inhibition [12,33]. Menthol is another mono-
terpene and its chemical structure is also similar to that of
geraniol, both have a hydroxyl in a similar position and two
methyls attached to the tertiary carbon. Menthol has been
described as a potent and stereoselective positive allosteric
modulator of GABA, receptors expressed in Xenopus laevis
oocytes, such effect is a consequence of its functional groups
(OH) [34].

In order to clarify the possible depressant effect of geraniol,
we performed the barbiturate-induced sleeping time test
(BIST). This test is a classic pharmacological method for the
screening of sedative-hypnotic drugs in mice [35]. BIST is the
main test used to assess the potentiating effect of substances
that prolonged sleep induced by hypnotics such as pento-
barbital [27]. In our study, geraniol (100 mg/kg) increased the
animals' sleeping time but did not modify the sleep latency
[Fig. 3]. Based on this, we can affirm that there was a syner-
gistic effect in the association of geraniol with thiopental.

This effect was observed in other studies, for example, Rosa
damascena essential oil, rich in monoterpenes (geraniol
included), caused depressant effects when administered in
mice. The results showed that the ethanolic and aqueous
extracts (500 and 1000 mg/kg) increased pentobarbital-
induced sleeping time compared with diazepam [2].
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Futhermore, the essential oil of D. moldavica (oil consisted of
55,63% of geraniol) prolonged the pentobarbital-induced
sleeping time, induced sedation in the hole-board test,
decreased spontaneous activity and produced motor coordi-
nation impairment in mice [4].

Finally, we evaluated the pattern of brain waves in
geraniol-treated rats, because the brain waves generally ex-
press the state of sleep/wake of the individual. The predomi-
nance of slow waves in sleep and sedation states is well
established in the literature. Under hyperpolarizing influences
such as anesthetics, cortical neurons oscillate close to the
frequency of 1 Hz, which is classified as slow-wave in the
electroencephalogram [36].

According to our results, we observed that geraniol caused
increase of the frequency of slow waves (delta waves) [Fig. 4].
Based on this information, we may suppose that geraniol
(100 mg/kg) interferes with the excitatory postsynaptic po-
tentials in the cortex, because ECoG relative spectrum power
of delta waves was decreased. Similar results were reported by
previous studies which showed that bergamot oil (rich in
monoterpenes) in low dose induced a long period of immo-
bility associated with increase in the amplitude of delta waves
in the hippocampus and cortex of rats [37].

The genesis of slow wave occurs in the cortical regions
through repetitive postsynaptic inhibitory potential [38],
which is mostly generated by GABA receptors. The slow wave
is a fundamental cortical rhythm that emerges in conditions
of high inhibition or low arousal, lethargy, depression, low
blood pressure, drowsiness, sleep and even coma.

We also observed that geraniol caused a decrease of theta
waves [Fig. 4]. This data differs from that it is found in the
literature. Theta waves used to show an increase associated
with the immobility behavior and a decreased associated with
the increase motor activity [14,37]. Maybe, this variance is
related with methodological differences. More studies are
necessary to clarify this point.

Given the aforementioned and taken together with our
results, we conclude that geraniol has a depressant effect on
the central nervous system, reducing the animal's overall
exploratory activity, increasing barbiturate-induced sleeping
time and increasing the percentage of slow waves (ultra-slow
and delta) in rats.
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