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Abstract

Due to our previous findings about the role of GABAegic neurotransmission in anxiolytic effects of
Citrus aurantium L. essential oil, we are now presenting flomazenil interaction with this herb, as
an antagonist of benzodiazepines at GABA receptor. The study was performed on 84 male albino
mice assigned to 14 groups of six. The animals were injected intraperitoneally with the Citrus au-
rantium L. essential oil for 5 days. On the fifth day, either normal saline or flomazenil (0.1 mg/kg)
was injected to the experimental groups. Thirty minutes after the injection, all the groups were
assessed for anxiety-related behavior by elevated plus-maze test. In groups receiving Citrus au-
rantium L. essential oil at doses of 2.5 and 5 percent, the time spent in the open arms increased
significantly (P < 0.001). The injection of flumazenil alone induced anxiety quite clearly observed
by decreasing the time or number of entries in open arms. As an antagonist of benzodiazepines at
GABA receptor, flomazenil acted as a competitive antagonist for Citrus aurantium L. essential oil
regarding the increment in the number of entries to the open arms and the time spent in the open
arms (P < 0.001) compared to flumazenil. It can then be concluded that Citrus aurantium L. essen-
tial oil induces its anxiolytic effects like benzodiazepines, in the same site at GABA receptor.
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1. Introduction

Anxiety is common psychopathies that involve many persons [1]. Various neurotransmitter systems such as
GABAergic, noradrenergic and serotonergic systems are responsible for anxiety symptoms [2]. GABA is the
most important neurotransmitter in the brain affecting such behaviors as learning, pain, memory, paroxysm, and
anxiety [3].

Anxiety occurs along with some biochemical changes and reactions in the brain such as increase in adrenalin
(that quickens the heart beat) and reduction in dopamine (dopamine pain). Excessive anxiety makes the body
ready for fight or running away.

It is normal to have some levels of anxiety in daily life which can be managed. An increase in levels of an-
xiety affects one’s ability to enjoy life. Today, anxiety is considered one of the inability factors among the el-
derly [3].

The brain is the central organ for producing and coping with stress, because it establishes behavioral and phy-
siological responses against stressors. In an adult, as the brain develops, the ability to cope with the stressors and
responding to them also develops. Structural changes such as neuronal replacement, dendrite status change, and
synopsis return are among brain responses features to the environment [4].

GABA as an important inhibitory neurotransmitter system plays a significant role, whether directly or indi-
rectly, in neurological disorders. Among disorders that are affiliated with GABAA receptor, we can name an-
xiety, cognitive impairment, hysteria, mental disorder, schizophrenia, and sleep disorder (insomnia). GABA is a
neurotransmitter system which can reduce anxiety with an inhibitory effect. It has been observed that stress in-
creases glutamate in prefrontal cortex and hippocampus [5].

GABA hyperpolarizes post-synaptic neurons and has an important role in balancing excitation and neurons
inhibition. Excessive inhibition or weak excitation will lead to coma, depression, reduction in blood pressure,
calmness, and sleep. Excessive excitation or weak inhibition will lead to restlessness, anxiety, high blood pres-
sure and insomnia. Disorders’ symptoms depend on the region of the brain that is out of balance [6].

Many herbal medicines have been reported to pose anxiolytic effects.

Reasons to use southern (Shirazian) Citrus aurantium L. are that there are more alkanes in southern Citrus
aurantium L. compared to the northern type. Besides an amount of aldehyde in the essential oil, a sign of the
better quality of the product has been reported to be more in southern Citrus aurantium L.

There are oxides in northern Citrus aurantium L. essential oil, and not in the southern one. Also, alcoholic
compounds in the northern oil are more frequent than those in the southern one. These compounds, because of
having hydroxylic group, are able to make hydrogen bond with water. Therefore they bond with vapor drops and
enter the water-cooler along with water and enter the essential oil after condensation. The findings also show
that, oxygen monoterpenes, which are among aromatic hydrocarbons, are more frequent in northern Citrus au-
rantium L. This sesquiterpene, which has anti-bacterial effects of terpenic hydrocarbons which are responsible
for the aroma and healing effects of the essential oil, has a higher percentage in the southern essential oil. In
sum, southern Citrus aurantium L. is richer in basic components of essential oil, so it has a better quality in
terms of aroma [7].

2. Materials and Methods

This study was done on 84 male albino mice weighed 25 g supplied by Pasteur Institute. The mice were as-
signed to 14 groups of 6 for the experiment. The animals were kept in temperature of 22°C to 24°C with a 12/12
hour light-dark cycle. Except for the actual time of the experiment, the mice had complete access to sufficient
food and water. The study started after an acclimation period of 1 week. The terms and conditions of keeping
laboratory animals were followed completely during the experiment.

2.1. Preparation of the Essential Oil and the Medicine

Collected Citrus aurantium L. flowers were dried and then grinded by an electric mill. 300 g of the dried powder
of Citrus aurantium L. were put in a 1000 cc balloon and distilled water was added to make up the volume to
1000 cc. Next, the balloon was put on the heater and connected to the Clevenger apparatus for 2 hours. 2 drops
of n-hexane was added to the tube. Essential oil, which was yellow in color and had a strong odor, was then col-
lected and dewatered using sodium sulfate. The vials were completely covered by aluminum foil and kept in a
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cool place. The essential oil using olive oil was obtained at different densities of 0.5, 2.5, and 5 percent.
Flomazenil (1 mg/kg) was supplied by Kimiadarou Company. Flomazenil was injected using saline sterile 9%
(normal saline).

2.2. Method

After an acclimation period of 1 week, the animals were injected intraperitoneally with the Citrus aurantium L.
essential oil at a certain hour for 5 days. On the fifth day and thirty minutes before applying Citrus aurantium L.
essential oil, flomazenil (0.1 mg/kg) was injected to the experimental groups. Thirty minutes after the injection,
all the groups were assessed for anxiety-related behavior by elevated plus-maze test.

3. Findings

Figure 1 shows how the intraperitoneal injection of the essential oil of Citrus aurantium L. (at doses of 0.5, 2.5,
and 5 percent) resulted in the increase of the time spent in the open arms. In terms of the time spent in the open
arms, there was a significant difference between the groups that were injected with doses of 2.5 and 5 percent
and the control groups (P <0.001)

Figure 2 shows that the intraperitoneal injection of the essential oil of Citrus aurantium L. (at doses of 0.5,
2.5, and 5 percent) does not make a significant difference in the number of entries to open arms, although the
number of the entries to open arms in recipient groups of 2/5 and 5 percent of doses was higher than the 0.5
percent group.

Figure 3 shows that the intraperitoneal injection of flomazenil as compared to the control and sham leads to a
significant reduction in the time spent on open arms.

Figure 4 shows that the intraperitoneal injection of flomazenil (1 mg/kg) leads to a significant reduction in
the number of open arms as compared to the control group (p < 0.001). Applying flomazenil and Citrus auran-
tium L. at doses of 0.5, 2.5, and 5 percent simultaneously leads to an increase in the number of entries to the
open arms with flomazenil group (p <0.01) and (p < 0.001).

4. Discussion

The results of this study show that essential oil of Citrus aurantium L., in terms of applied dose, can reduce the
anxiety in mice significantly. Sedative and anti-anxiety effects of this plant have been mentioned in previous
studies [8]. It is possible that these effects are the result of an interaction with GABAergic pathways and subse-
quent impacts on GABAA receptors. One of the essential compounds of Citrus aurantium L. is limonene which
reduces the activity of neurons in central nervous system [8]. After researching the brain, limonene attaches itself
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Figure 1. Comparison between experimental group (received essential
oil of Citrus aurantium L. at doses of 0.5, 2.5, and 5 percent), control
group and sham group (received olive oil) in anti-anxiety effect of Ci-
trus aurantium L. essential oil. Mean = S.EM. n = 7. ***P < (.001
versus control and sham groups. OAT is the spent time in open arms.
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Figure 2. Comparison between experimental group (received essential
oil of Citrus aurantium L. at doses of 0.5, 2.5, and 5 percent), control
group and sham group (received olive oil) in anti-anxiety effect of Ci-
trus aurantium L. essential oil. Mean = S.E.M. n = 6.
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Figure 3. Effect of Citrus aurantium L. essential oil in experimental
groups (received essential oil of Citrus aurantium L. at doses of 0.5, 2.5,
and 5 percent), control and sham group (received olive oil), flomazenil
and its combination with essential oils on the percent of time spent in
open arms. Mean + S.E.M. n = 6. ***P < (.001 versus control and sham
groups. +P < 0.05 versus flomazenil group. OAT% is the percent time
spent in open arms.

to GABAA receptors and reduces anxiety-related activities [8]. Another study shows how limonene, by acting
on GABAA receptors, increases the density of gamma-aminobutyric acid and reduces stress [9]. Limonene is
therefore one of the compounds in Citrus aurantium L. which has anti-anxiety effects.

Coumarin is another compound in Citrus aurantium L. which has similar sedative effects. A study done by
Pereira (2009) demonstrates how acute administration of coumarin to prefrontal cortex and hippocampus of
mice can help preventing seizures by effecting GABAA receptors and therefore releasing more gamma-ami-
nobutyric acid in prefrontal cortex. Linalool is also another compound in Citrus aurantium L. which exert inhi-
bitory effects in the nervous system through pre-synaptic inhibition and prevention of acetylcholine release [10].
Linalool is a competitive antagonist for glutamate receptors; consequently, by blocking these receptors, it re-
duces the effect of this neurotransmitter system and prevents epileptic and anxiety-related fits [11].

In this study flomazenil (1 mg/kg) was used as the antagonist of GABA receptors. Flomazenil reverses the
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Figure 4. Effect of Citrus aurantium L. essential oil in experimental
groups (received essential oil of Citrus aurantium L. at doses of 0.5, 2.5,
and 5 percent), control and sham group (received olive oil), flomazenil and
its combination with essential oils on the percent of number of entries in
open arms. Mean £+ S.E.M. n = 6. Mean + S.E.M. n = 6. ***P < 0.001 ver-
sus control and sham groups. +P < 0.05 versus flomazenil group. OAE% is
the number of entries in open arms.

inhibition effect of benzodiazepines by competing them [12]. Flomazenil leaves its antagonistic effect by at-
taching on the benzodiazepines on GABA receptors [13].

Flomazenil antagonizes the benzodiazepine effects in the central nervous system, but it is not able to anta-
gonize the effects of the medicines which are effective on the GABAergic neurons. Also flomazenil is not able
to reverse the epioids effects [13]. Some evidences show that flomazenil separates benzodiazepine from the re-
ceptor. Flomazenil attachment to the benzodiazepine place on the receptor will lead to a change in the receptors
sensitivity and changes the receptors attachment tendency to benzodiazepines [13]. The intraperitoneal injection
of flomazenil increases the anxiety behavior of the mice and reduces the time spent on open arms and time of
the open arms entry.

In this study, simultaneous injection of Citrus aurantium L. essential oil and flomazenil leads to inhibition of
flomazenil effect and an increase in the open arms entry and staying in open arms.

5. Conclusion

It can then be concluded that Citrus aurantium L. essential oil induces its anxiolytic effects like benzodiazepines,
in the same site at GABA receptor due to the blockade of its anxiolytic effects by flomazenil.
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