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Abstract: The high prevalence of anxiety disorders associated with pharmacotherapy side effects have 

motivated the search for new pharmacological agents. Species from Citrus genus, such as Citrus limon 

(sicilian lemon), have been used in folk medicine as a potential therapy to minimize emotional disorders. In 

order to searching for new effective treatments with fewer side effects, the present study evaluated the 

anxiolytic mechanism of action and the hypnotic-sedative activity from the Citrus limon fruit's peels essential 

oil (CLEO). Adults male Swiss mice were submitted to barbiturate-induced sleep test; elevated plus-maze 

(EPM) and light-dark box (LDB) (evaluation of the mechanism of action); rotarod; and catalepsy tests. CLEO 

oral treatment decreased latency and increased the sleep total time; moreover it induced in animals an 

increased the number of entries and percentage of time spent into open arms of the EPM; an increased the 

number of transitions and the percentage of time into light compartment in the LDB; which were only 

antagonized by flumazenil pretreatment, with no injury at motor function. Thus, results suggest that CLEO 

treatment induced an anxiolytic behavior suggestively modulated by the benzodiazepine binding site of the 

GABAA receptor or by an increase of GABAergic neurotransmission, without cause impairment in the motor 

coordination. 

HIGHLIGHTS 
 

 Essential oils from Citrus genus induce anxiolytic-like effects; 

 Citrus limon essential oil acts as hypnotic-sedative and anxiolytic drug; 

 GABAergic pathway is suggestively related to Citrus limon essential oil action; 

 No motor impairment was observed with Citrus limon essential oil. 
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INTRODUCTION 

World Health Organization points anxiety as the most common psychiatric illness in the world's 

population and it highlights that Brazil leads the prevalence of this disorder, which encourages researches in 

this area, including the search for new drugs [1]. 

GABAA receptors are targets of several pharmacologically relevant drugs; in particular, benzodiazepines 

(BZD). These drugs are used for the treatment of insomnia, anxiety, epilepsy, and to facilitate muscle 

relaxation and anesthesia. Unfortunately, the use of benzodiazepines is limited by the development of 

tolerance and dependence, which are the mainly side effects that occurs after prolonged administration [2]. 

As current pharmacotherapy is not effective for all patients, the search for better anxiolytic drugs with 

fewer side effects is needed [3]. Currently, more attention has been paid to plant-derived drugs, especially 

from essential oils, which demonstrate efficacy by reducing the symptoms of anxiety and, compared to 

traditional medicines, essential oils have fewer side effects [4,5]. 

In the Rutaceae family, essential oils of the genus Citrus are mainly extracted from the peels of fruits 

since the species in this group possess odoriferous substances, which showed anxiolytic-like effect both in 

animal models [6-8] and clinical trials [9-11]. 

Studies report that monoterpenes present in these plants and their synthetic derivatives have several 

pharmacological properties in the central nervous system (CNS), such as anxiolytic, anticonvulsant, and 

neuroprotective. Some of these substances are: linalool [12,13], limonene, and α-pinene [14,15]. This last 

compound, for example, displayed anxiolytic and sleep-increasing behaviors by direct binding to GABAA-

Benzodiazepine receptors (GABAA-BZD) and forcing as a partial modulator at BZD binding site, in a 

molecular docking model [16].  

Within biological potentials of citrus plants context, Citrus limon (L.) Burm. f. (sicilian lemon) is worldwide 

known and used in folk medicine for central disorders which reinforces the need for further studies in order 

to confirm the ethnopharmacological use and amplify the study and importance of essential oils [17]. 
Considering the need for research and development of new effective therapeutic agents with hypnotic 

and anxiolytic properties and more tolerable, the present study aimed to evaluate the hypnotic-sedative and 
anxiolytic effects, along with its possible mechanism of action, and the likely motor coordination impairment 
in mice treated with Citrus limon fruit’s peels essential oil (CLEO) per os (p.o.).  

MATERIAL AND METHODS  

Animals 

Adults male albino Swiss mice (6-8 weeks), with an average weight of 30 g, provided by the Central 

Animal House of Federal University of Alagoas, were used in pharmacological tests. The animals were kept 

in polypropylene boxes in a room with controlled temperature (22 ± 1 °C), with a 12-hour light/dark cycle 

(dark phase: 19:00-7:00), for at least 72 h before testing for acclimatization. They were fed with water and a 

commercial solid diet ad libitum (Labina®, Purina, Brazil). They were fasting six hours before oral treatment 

in order to avoid food interactions. All proceedings and experimental models were executed according to 

experimental protocols designed in conformation with the Ethical Principles in Animal Research as adopted 

by the Brazilian Society of Laboratory Animal Science. Ethics Commission on Animal Use of the Federal 

University of Alagoas approved the experimental models present in this study by the protocol number nº 

55/2013. 

Drugs 

Haloperidol (HALO, Halo®, Cristália, Brazil) was used as a competitive antagonist of dopamine binding; 

sodium pentobarbital (PENTO, Abott, Brazil) was used as a sleep inducer; diazepam (DZP, Compaz®, 

Cristália, Brazil), standard anxiolytic drug, was used as agonists of GABAA; buspirone hydrochloride (BUSP, 

Pharmanostra, Brazil) and α-methylserotonin maleate salt (α-Me-5-HT, Sigma-Aldrich, USA) were used as 

agonists of 5-HT1A and 5-HT2A/C receptors, respectively; flumazenil (FLU, Flumazil®, Cristália, Brazil), NAN-

190 hydrobromide (NAN-190, Sigma-Aldrich, USA) and ketanserin (+)-tartrate salt (KET, Sigma-Aldrich, 

USA) were utilized as antagonists of benzodiazepine binding, 5-HT1A and 5-HT2A/C, respectively. In the 

intraperitoneal injections (i.p.), all agonists and antagonists were solubilized in isotonic saline solution (SAL, 
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0.9%). In oral administration (p.o.), Citrus limon essential oil (CLEO, Ferquima Ind. and Com. Ltda, Brazil) 

was emulsified with polyoxyethylene sorbitan monooleate (Tween 80®, 0.01% v/v) in SAL 0.9%, which was 

also used to treat the negative control groups (vehicle). All of the substances were freshly prepared on the 

test day and were administered at 10 mL/kg of body weight, except FLU, which was administered at 20 mL/kg 

due to the concentration (0.1 mg/mL) of its commercial form. 

Analysis of the essential oil composition 

Sample of the CLEO was suspended in 1 mL of ethyl acetate (P.A., Merck, Germany) and 1 µL of this 

suspension was analyzed by gas chromatography coupled to mass spectrometer (GC/MS, Shimadzu, model 

QP-5000) equipped with a fused silica capillary column JW DB-5 (30 m x 0.25 mm x 0.25 µm). The electron 

impact technique (70 eV) was used and injector temperature was 250 ºC, as well as detector temperature 

was 200 ºC. The carrier gas was helium at the working rate of 1.0 mL/min. The column temperature was 

initially 50 ºC and then was gradually increased at the rate of 5 ºC/ min up to 180 ºC and after up to 300 ºC 

at the rate of 8 ºC/ min. For detection of the oil components, a flame ionization detector was used set up at 

200 ºC. The identification of the components of the essential oil was effected through of comparison of 

substance mass spectrum with the database of the GC/MS (NIST 62.lib), literature and retention index [18]. 

Pharmacological evaluations 

Pentobarbital-induced sleep test 

Experimental procedure was performed as described by Carlini and Burgos [19]. Mice were distributed 

in groups of 8 (n = 8) and pre-treated (p.o.) with vehicle, CLEO and DZP. It is well established that 

benzodiazepines act as anxiolytics at low doses and that they induce sedation and myorelaxant effects at 

higher doses (20). Therefore, DZP (1.5 mg/kg, i.p.) was used as a positive control for anxiolytic-like effects, 

and DZP (2.5 and 5.0 mg/kg, i.p.) as a positive control for sedative and myorelaxant effects, and CLEO at 

the doses 30, 100, and 300 mg/kg, p.o. for this test. The test started sixty minutes after the treatment with 

DZP or thirty minutes after CLEO and vehicle treatments. 

Elevated plus-maze test (EPM) 

The test followed procedure described by Lister [21] and Pellow and File [22]. Experimental groups (n = 

8, per group) were pre-treated with vehicle (10 mL/kg, p.o.), CLEO (30, 100, and 300 mg/kg, p.o.) or DZP 

(1.5 mg/kg, i.p). The test started sixty and thirty minutes after i.p. and oral treatments. 

Light-dark box test (LDB) 

After treatment (vehicle 10 mL/kg, p.o; DZP 1.5 mg/kg i.p.; and CLEO 30, 100, and 300 mg/kg, p.o.), 

each animal was individually placed in the center of the light compartment facing the dark compartment, in 

which the test was performed as described by Crawley and Goodwin [23]. 

Mechanisms involved in the anxiolytic-like activity of CLEO 

The animals were pre-treated with flumazenil (2 mg/kg; 15 min pre-treatment) [24]; NAN-190 (0.5 mg/kg; 

20 min pre-treatment) [25]; or Ketanserin (0.5 mg/kg; 20 min pre-treatment). After antagonists’ administration, 

vehicle (10 mL/kg, p.o.); DZP (1.5 mg/kg, i.p); buspirone (10 mg/kg, i.p.); α-methylserotonin (1 mg/kg; i.p.); 

or CLEO (300 mg/kg, i.p.) were administrated, and anxiolytic behaviors were analysed in the EPM and LDB 

tests, after 60 minutes of the treatment with DZP and 30 minutes for others. 

Assessment of central side effects on motor performance 

Rota-rod test (RRT) 

In this test, groups of pre-selected animals (n = 8) were treated with vehicle (10 mL/kg, p.o.), DZP (1.5 

mg/kg, i.p.) or CLEO (30, 100, and 300 mg/kg, p.o.). Sixty and thirty minutes after the i.p. and oral treatments, 

the animals were placed in the equipment and the test was performed as described by Dunham and Miya 

[26]. 
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Catalepsy test (CT) 

Catalepsy, defined as the acceptance and retention of abnormal posture, was measured by means of 

the bar test, which is described by Sanberg and coauthors [27]. Mice were distributed in groups of 8 (n = 8) 

and were treated with vehicle (10 mL/kg, p.o.), haloperidol (1 mg/kg i.p.) – a competitive antagonist of D2 

receptors – or CLEO (30, 100, and 300 mg/kg). 

Statistical analysis 

All of the statistical analyses were made using GraphPad Prism® 5.01 Software (Demo). The results 

were expressed as the means ± SEM. Significant differences between experimental groups (n = 8) were 

detected by one-way ANOVA (analysis of variance) followed by Dunnett’s test. Effects were considered 

significant at p<0.05. 

RESULTS 

Essential oil composition 

The analysis by GC-MS of CLEO permitted identification of eight constituents, exclusively monoterpenes: 

α-thujene (1), α-pinene (2), Sabinene (3), β-pinene (4), myrcene (5), p-cymene (6), (R)-limonene (7) and γ-

terpinene (8) – Figure 1, and Table 1. 

 

 
Figure 1. Representative gas chromatogram of essential oil extracted from Citrus limon (instrumental conditions are 

described in Material and Methods). 

Table 1. Volatile composition of Citrus limon essential oil. 

Peak RT1 RI2 (DB-5) Compounds % 

1 7.212 927 α-thujene 1.5% 
2 7.387 939 α-pinene 4.0% 
3 8.593 974 Sabinene 2.0% 
4 8.629 981 β-pinene 15.0% 
5 9.101 992 Myrcene 1.5% 
6 9.561 1026 p-Cymene 5.0% 
7 10.065 1033 (R)-limonene 65.0% 
8 10.843 1074 γ-terpinene 5.0% 
- - - Total identified 99.0% 

1RT: retention time; 2RI: retention index by Adams [18]. 

From these data, it is possible to affirm that the highest peak (retention time 10.065 min) in the GC 

analysis of essential oil belongs to (R)-limonene, which also shows the higher content (65.0 %), 

characterizing it as major compound in the CLEO, followed by the second peak, β-pinene (retention time: 

8.629 min; area: 15.0 %) – Table 1. 
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Sedative and anxiolytic-like responses from CLEO in mice 

In the pentobarbital-induced sleep test, the oral administration of CLEO at the maximum dose (300 

mg/kg) decreased the sleep latency time (p<0.001), as well the two doses of DZP (2.5 and 5 mg/kg, i.p.) 

(p<0.001), all compared to vehicle group (Figure 2A). In addition, these treatments also increased 

significantly (p<0.001) lengthened the duration of the sodium pentobarbital-induced hypnosis in mice in 

suggesting an enhanced pentobarbital effect (Figure 2B). There were no statistically significant differences 

among the dose of 300 mg/kg CLEO and the two doses of DZP on both parameters evaluated. 

 

 

 
(a) 

 

 
(b) 

Figure 2. Effects of Citrus limon essential oil (CLEO) on the sleep latency, in minutes (a), and sleeping time, in minutes 

(b), on the pentobarbital-induced sleep test in mice. Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO, 30, 100, 

and 300 mg/kg, p.o.) and diazepam (DZP, 2.5 and 5 mg/kg, i.p.). The columns and vertical bars represent the means ± 

SEM of eight mice. ***p<0.001 compared with vehicle group using ANOVA and Dunnett's test as the post hoc test. 

CLEO anxiolytic effect in mice 

CLEO treatment at 100 and 300 mg/kg doses induced a statistically significant increase in the number 

of entries into open arms (p<0.001) and, consequently, the percentage of time into open arms (p<0.001) 

compared to the vehicle group. The result was similar to the observed with the standard drug DZP treatment 

(p<0.001) when compared to the same vehicle group - Figure 3A and 3B. 

 

 

 
(a) 

 

 
(b) 

Figure 3. Effects of Citrus limon essential oil (CLEO) on the number of entries (a) and percentage of time into open 

arms (b), on the elevated plus-maze test in mice. Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO 300 mg/kg, 

p.o.), diazepam (DZP, 1.5 mg/kg, i.p.). The columns and vertical bars represent the means ± SEM of eight mice. 

***p<0.001, compared with vehicle group using ANOVA and Dunnett's test as the post hoc test. 
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The results of the CLEO treatment in the light-dark box test can be seen in Figure 4. In this test, the 

number of transitions between light and dark compartments was statistically increased by CLEO treatment 

at 100 and 300 mg/kg doses and by DZP treatment (p<0.001) when compared to the vehicle group - Figure 

4A. In Figure 4B it is observed that the same treatments mentioned above induced an increase in the 

exploratory activity of the animals by statistically increasing the percentage of time into light compartment 

(p<0.001) as compared to the negative control group. Thus, this behavior suggests an anxiolytic effect in 

animals treated with CLEO. 

 

 

 
(a) 

 

 
(b) 

Figure 4. Effects of Citrus limon essential oil (CLEO) on the number of transitions (a) and percentage of time into light 

compartment (b) on the light-dark box test in mice. Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO 300 mg/kg, 

p.o.), diazepam (DZP, 1.5 mg/kg, i.p.). The columns and vertical bars represent the means ± SEM of eight mice. The 

columns and vertical bars represent the means ± SEM of eight mice. ***p<0.001, compared with vehicle group using 

ANOVA and Dunnett's test as the post hoc test. 

GABAergic neuromodulation on CLEO anxiolytic effect 

When FLU + DZP, NAN-190 + BUSP, and KET + α-Me-5-HT were associated, a statistically significant 

reversal of the behavior in the EPM parameters, such as the percentage of entries and time into open arms 

when compared to anxiolytics isolated use (Figure 5A and 5B). However, when the same antagonists were 

pre-administered and then the administration of CLEO (300 mg/kg) occurred, only FLU was able to reverse 

the behavioral effects evaluated, unlike the serotonergic pathways where there were no significant 

differences in the parameters assessed. 

In the light-dark box test, both parameters analyzed, which were the number of transitions between 

compartments and percentage time into light compartment, for each agonists of the pathways studied were 

reversed from the pre-treatments with their respective antagonists. However, only FLU antagonist 

pretreatment significantly reversed the increase in the parameters induced by CLEO - Figure 6A and 6B - 

suggesting that its action can be modulated via GABAergic receptors. 

 

V
eh

ic
le

D
ZP

 1
.5

 m
g/k

g

C
LE

O
 3

0 
m

g/k
g

C
LE

O
 1

00
 m

g/k
g

C
LE

O
 3

00
 m

g/k
g

0

5

10

15

20

25

30

***

***

***

(A)

N
u
m

b
e
r 

o
f 

tr
a
n
s
it
io

n
s

V
eh

ic
le

D
ZP

 1
.5

 m
g/k

g

C
LE

O
 3

0 
m

g/k
g

C
LE

O
 1

00
 m

g/k
g

C
LE

O
 3

00
 m

g/k
g

0

20

40

60

80

100

*** ***

***

(B)

%
 T

im
e
 i
n
to

 l
ig

h
t

c
o
m

p
a
rt

m
e
n
t

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


  C. limon essential oil induces anxiolytic and sedative effects 7 
 

 
Brazilian Archives of Biology and Technology. Vol.63: e20200206, 2020 www.scielo.br/babt 

 

 
(a) 

 
(b) 

Figure 5. Effects of Citrus limon essential oil (CLEO) on the number of entries (a) and percentage of time into open 

arms (b), on the elevated plus-maze test in mice. Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO 300 mg/kg, 

p.o.), diazepam (DZP, 1.5 mg/kg, i.p.), Flumazenil (FLU, 2 mg/kg, i.p.), Buspirone (BUSP, 10 mg/kg, i.p.), NAN-190 (0.5 

mg/kg, i.p.), α-Methylserotonin (α-Me-5-HT, 1 mg/kg, i.p.) and Ketanserin (KET, 0.5 mg/kg, i.p.). The columns and 

vertical bars represent the means ± SEM of eight mice. *p<0.05, **p<0.01, and ***p<0.001, compared with vehicle group; 

+p<0.05 and +++p<0.001, compared with agonist; ###p<0.001, compared with CLEO 300 group; using ANOVA and 

Dunnett's test as the post hoc test. 
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(a) 

 
(b) 

Figure 6. Effects of Citrus limon essential oil (CLEO) on the number of transitions (a) and percentage of time into light 

compartment (b), on the light-dark box test in mice. Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO 300 mg/kg, 

p.o.), diazepam (DZP, 1.5 mg/kg, i.p.), Flumazenil (FLU, 2 mg/kg, i.p.), Buspirone (BUSP, 10 mg/kg, i.p.), NAN-190 (0.5 

mg/kg, i.p.), α-Methylserotonin (α-Me-5-HT, 1 mg/kg, i.p.) and Ketanserin (KET, 0.5 mg/kg, i.p.). The columns and 

vertical bars represent the means ± SEM of eight mice. The columns and vertical bars represent the means ± SEM of 

eight mice. *p<0.05, **p<0.01, and ***p<0.001, compared with vehicle group; ++p<0.01 and +++p<0.001, compared 

with agonist; ###p<0.001, compared with CLEO 300 group; using ANOVA and Dunnett's test as the post hoc test. 

CLEO does not change the motor performance of mice 

The RRT was carried out to measure motor coordination impairment in mice treated with DZP or CLEO. 

The results, presented in Table 2, show that CLEO (at any dose) did not altered the number of falls of the 

rotating bar, whereas DZP (1.5 mg/kg, i.p.) significantly increased the number of falls (p<0.001 vs. vehicle 

group). Furthermore, treatment with DZP significantly reduced latency for the fall (p<0.001 vs. vehicle group), 

unlike that seen with oral treatment with the CLEO. 
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Table 2. Effects of Citrus limon essential oil (CLEO) on Rota-rod test. 

Treatments Number of falls Latency for the fall 

Vehicle 0.0 ± 0.0 240 ± 0.0 

DZP  34.0 ± 2.9***  1.3 ± 0.1*** 

CLEO 30 mg/kg  0.3 ± 0.3 218.3 ± 21.7 

CLEO 100 mg/kg 0.1 ± 0.1 217.2 ± 22.8 

CLEO 300 mg/kg 0.0 ± 0.0  240.0 ± 0.0 

Note: Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO, 30, 100, and 300 mg/kg, p.o.), and diazepan (DZP, 1.5 

mg/kg, i.p.). Data represent the means ± SEM of eight mice. ***p<0.001 compared with vehicle group using ANOVA 

and Dunnett's test as the post hoc test. 

Table 3 shows that the treatment with vehicle and CLEO failed to cause catalepsy-like behavior in all the 

tested times, whilst Haloperidol (1 mg/kg, i.p.) produces a statistically significant cataleptic effect (p<0.001). 

Table 3. Effects of Citrus limon essential oil (CLEO) on catalepsy assay. 

Treatments 30 min 60 min 120 min 180 min 

Vehicle 10.38 ± 0.9 15.5 ± 1.4 15.5 ± 1.3 24.0 ± 1.5 

HALO 108.3 ± 7.7*** 147.0 ± 10.6*** 215.5 ± 16.8*** 251.2 ± 9.6*** 

CLEO 30 mg/kg 10.22 ± 2.5 22.01 ± 4.4 17.3 ± 3.3 18.36 ± 3.7 

CLEO 100 mg/kg 11.3 ± 1.7 14.9 ± 0.6 28.2 ± 1.0 27.4 ± 2.3 

CLEO 300 mg/kg 13.32 ± 1.1 19.1 ± 2.7 43.67 ± 4.4 42.0 ± 4.1 

Note: Vehicle (10 mL/kg, p.o.), Citrus limon essential oil (CLEO, 30, 100, and 300 mg/kg, p.o.), and haloperidol (HALO, 

1 mg/kg, i.p.). Data represent the means ± SEM of eight mice according to treatment time. ***p<0.001 compared with 

vehicle group using ANOVA and Dunnett's test as the post hoc test. 

DISCUSSION 

Anxiety is an affective essential emotion and, in some cases, is considered as a performance propeller. 

However, in some people this feeling becomes excessive and harmful, characterizing a psychic disorder. 

The pharmacotherapy of anxiety disorders may require weeks to become clinically effective or may be 

associated with side effects that compromise daily activities [28,29]. 

The use of animal models is the preclinical research basis in the psychopharmacology of psychiatric 

disorders, and they are employed both in the study of a specific effect and in the screening to obtain new 

drug prototypes and their involved mechanisms [30,31]. 

Based on the above, the present study investigated the anxiolytic mechanism and the hypnotic-sedative 

effect of Citrus limon essential oil, as well as its effects on the motor coordination performance. 

Fujimori [32] proposed that increased barbiturate hypnosis is a good indicator of CNS depressant activity. 

Thus, for the study of substances with hypnotic-sedative properties, the barbiturate-induced sleep model is 

the most widely used animal model. Results showed that CLEO at a 300 mg/kg dose, p.o., promoted 

decreased sleep latency and increased total sleep time, which confirms a hypnotic-sedative activity. One of 

the approaches that could be made is that CLEO may be modifying in some way the neurotransmission 

involved in sleep modulation. 

In the sleep regulation process, three hypothalamic subdivisions are important in the sleep-wake cycle: 

anterior, posterior and lateral hypothalamus. During the circadian rhythm, the inhibitory GABAergic system 

of the anterior hypothalamus is responsible for the onset and maintenance of sleep, while the aminergic, 

histaminergic, orexinergic nuclei of the posterior and lateral hypothalamus are active during wakefulness [33, 

34]. 

Substances presenting GABAergic activity, such as benzodiazepines, at higher doses than those used 

in the anxiety treatment, promote hypnosis by acting at the GABAA receptor, resulting in increased GABA 

affinity to the receptor. In fact, one of the side effects in this drug class is hypnosis [35]. Secondary metabolites 

previously studied, such as limonene, myrcene, α-pinene, and β-pinene have demonstrated hypnotic-

sedative effects as they enhanced sleeping time in mice [36-39]. The same metabolites were identified in 
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CLEO through GC/MS as the major constituents. This study results corroborate this hypothesis since CLEO 

showed anxiolytic and hypnotic effects at the highest dose. 

After confirming the hypnotic-sedative activity, the anxiolytic activity was evaluated. Most experimental 

models that evaluate the anxiety behavior is based on conflicting situations, such as placing an animal new 

and stressful environment or in front of a predator [40]. 

For a better evaluation of the anxiolytic potential it is necessary to use at least two animal models [41,42]. 

Thus, the elevated-plus maze and the light-dark box tests were used to validate the hypothesis that CLEO 

has an anxiolytic effect. 

The elevated-plus maze test is considered an etiologically valid model since it uses a natural stimulus - 

fear of a new open space and fear of balance on a suspended and relatively narrow platform - that can induce 

anxiety in humans. This model is based on the fact that rodents avoid exposing themselves to open areas, 

which are thought to be more aversive, showing a preference for enclosed areas protected by walls. This 

reaction is suppressed by anxiolytic drugs and potentiated by anxiogenic agents. Thus, the number of entries 

and time into open arms are the highest indicators of anxiety reduction in the elevated-plus maze test [22]. 

The 100 and 300 mg/ kg doses of CLEO increased the number of entries and the percentage of time 

into open arms, suggesting a statistically significant anxiolytic effect compared to the one showed by 

diazepam. 

These results corroborate previous studies of authors that evaluated the anxiolytic effect in some species 

of genus Citrus. Faturi and coauthors [6] and Leite and coauthors [43] performed studies with C. sinensis 

and C. aurantium essential oils, respectively, in which they aimed to evaluate anxiolytic activity through the 

elevated-plus maze test from an inhalation route of administration. C. sinensis, in the two largest doses 

tested, revealed statistically significant differences regarding the number of entries and the percentage of 

time into open arms when compared to vehicle. However, in the three concentrations of C. arantium tested, 

no significant statistical differences were observed in any of the analyzed parameters – which were the same 

parameters used in the present study. 

Vieira and coauthors [44] evaluated three different doses of a methanolic extract from C. limon leaves, 

p.o., in which they concluded that in the elevated-plus maze test only the largest dose did not change any of 

the analyzed parameters – also the same parameters used in the present study. 

In order complement the likely anxiolytic effects of CLEO, the light-dark box test was performed. This 

model is based on the rodents’ fear of illuminated areas and their spontaneous and exploratory behavior to 

a new and illuminated environment [45]. After anxiolytic drugs treatment, the apparent fear of remaining or 

moving to the lighted area is removed [46].  

The results in this study indicate that CLEO reduced fear against the lighted environment, as it increased 

the number of transitions between the light and dark compartment. In addition, an increase in the percentage 

of time into the light area was shown, similar to what is observed in animals treated with diazepam. These 

results corroborate the anxiolytic effect found in the elevated-plus maze test. 

Citrus latifolia essential oil [47] produced an increase in the time into light compartment, while C. 

aurantium was able to increase both time into light compartment and the number of transitions between light-

dark compartments [45]. According to Faturi and coauthors [6], C. sinensis essential oil also increases the 

time into light compartment; although in their study the number of transitions between the light-dark 

compartments was not evaluated. 

The present data point to an anxiolytic effect from CLEO, which is associated with the terpenes described 

in the GC/MS analysis. Terpenes and terpenoids are the primary constituents of essential oils from many 

types of medicinal plants. Terpenes have low molecular weight and usually low water solubility, and due to 

this they can penetrate the blood-brain barrier and produce their anxiolytic, sedative, and anticonvulsant 

effects on the CNS [48,49]. Such effects may be related to the action of a metabolite (isolated) or more 

(combined). 

Similarly to our results, Satou and coauthors [8] submitted C. junos essential oil to GC and observed 

similar chemicals in its composition, such as limonene, p-cymene, γ-terpinene, myrcene, and α-pinene. In 

their in vivo evaluation, it was found that the essential oil presented an anxiolytic-like effect as well as an 

increase in locomotor activity.  

It is well reported in literature the anxiolytic activity of two isolated secondary metabolites: limonene 

[50,51] and α-pinene [16,52]. All these articles highlight action of compounds on the CNS evidencing the 

anxiolytic property from CLEO. 
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Hence, based on the results, CLEO treatment showed an anxiolytic effect without motor coordination 

impairment that is a characteristic effect in sedative drugs. Thereon, in order to elucidate previous results, 

the mechanisms where CLEO could modulate its activity were investigated. 

As mentioned before, GABAergic system is undoubtedly involved in the anxiety neurochemistry. Studies 

using GABAergic receptor antagonists, such as flumazenil, a drug that block the benzodiazepines binding 

site at the GABA receptor, show the anxiolytic effect of diazepam may be reversed [53]. 

There are several anxiety studies involving GABAA and 5-HT1A receptor ligands as likely sites of action 

of anxiolytic drugs. Neurochemical studies indicate that buspirone acts preferentially on 5-HT1A autoreceptors 

in raphe nuclei [54]. Activation of these presynaptic autoreceptor decreases the amount of serotonin post-

synaptically. Thus, the anxiogenic effect of serotonin seems to be suppressed by the buspirone treatment. 

Furthermore, preclinical and clinical studies indicate an important role of 5-HT2A and 5-HT2C receptors in 

the anxiety pathophysiology. Literature evidence indicates that the use of 5-HT2A/C receptor antagonists 

exhibit anxiolytic properties. They decrease the serotonin binding to these receptors after a prolonged 

treatment, which suggests a down regulation of the 5-HT2A/C receptors [55].  

Considering the supposedly effects mediated by the 5-HT receptors blockade, they have been aimed as 

new treatment strategies of anxiety disorders - not only because of their beneficial effects, but also because 

they do not induce undesirable side effects usual in anxiolytic treatment. 

This study results showed that ketanserin pre-treatment (0.5 mg/ kg, i.p.) did not reverse the CLEO 

anxiolytic effect (300 mg/ kg, p.o.) that was observed in the elevated-plus maze and light-dark box tests. The 

same was observed with NAN-190 pre-treatment (0.5 mg/ kg, i.p.), which also did not reverse the analyzed 

parameters after CLEO administration. This founds suggest the lack of involvement of 5-HT1A pre-synaptic 

and 5-HT2A/C postsynaptic serotonin receptors in the anxiolytic mechanism presented by CLEO. 

On the other hand, flumazenil pre-treatment reversed not only the diazepam but also CLEO anxiolytic 

effect, suggesting that the essential oil may reduce anxiety by a similar mechanism of action of 

benzodiazepines on GABAA receptors. Another mechanism that may be occurring is an increase in 

GABAergic neurotransmission either by stimulating the GABA synthesis/release, or by inhibiting its 

degradation. 

Among species of Rutaceae family, some of them, such as C. aurantium subsp. bergamia and 

Spiranthera odoratissima, had the anxiolytic mechanism of their essential oil investigated. These studies 

suggest that C. aurantium subsp. bergamia essential oil is involved with a noradrenergic component in the 

hypothalamic-pituitary-adrenal axis that reduce corticosterone levels [7]. While the S. odoratissima anxiolytic 

effect seems to be related to the serotonergic system, which may be mediated by 5-HT1A receptors since 

NAN-190 reversed the buspirone and the studied essential oil effects [56].  

CLEO results suggest an anxiolytic activity possibly modulated at the benzodiazepines binding site in 

the GABAA receptor. However, these receptor agonists exhibit several side effects, including muscle 

relaxation that causes a motor coordination impairment in patients. 

Therefore, rotarod test was performed in order to evaluate the CLEO effect on the motor coordination 

system. 

In this experimental model, the greater the muscle impairment, the lower the latency to the first fall, which 

is explained by fact that the animal will not be able to stay on the rotating bar. Also, the number of falls will 

be higher if the animal presents a motor incoordination [19]. Animals treated with CLEO did not show 

significant differences in the latency and number of falls when compared to the group treated with vehicle, 

which shows that the essential oil does not interfere in the animals’ motor response. Thus, a myorelaxant or 

a neurotoxic effect may be ruled out.  

Lack of effect on motor coordination was also observed in rodents treated other species of the Rutaceae 

family. For example, C. latifolia, C. reticulata, and C. aurantium, essential oils; Casimiroa eduli leaves 

ethanolic extract [45,47,57]. 

After observing that CLEO did not change the mice motor activity, the catalepsy test was performed in 

order to confirm this lack of effect. Decreases in brain dopamine lead to catalepsy, quantified by the time a 

rat remains with its forepaws resting on a suspended horizontal bar. 

Drug-induced catalepsy in rodents is a valid experimental model for assessing extrapyramidal effects 

caused by blockade of dopaminergic D2 receptors present in postsynaptic neurons in the nigrostriatal region. 

The use of the haloperidol antagonist, preferred for the D2 receptor, has been reported to increase the 

cataleptic effect in a time-dependent manner [58]. Therefore, this behavior was tested at four different times 

after the treatments. They are considered a useful indicator in the search for potentially active substances 

that may result in side effects that compromise the skeletal muscle. 
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CLEO oral treatment did not induce a cataleptic behavior in animals, differently from those treated with 

Haloperidol (1 mg/ kg, i.p.), in which they had a progressively increased motor impairment (30 to 180 minutes 

post-treatment). 

Alfieriand coauthors [59] studies showed different results, where C. paradisi oral treatment prolonged 

the catalepsy time in mice. Manivasagam and coauthors [60] evaluated the effect of hesperidin, a flavone 

found in Citrus species, such as C. unshiu, C. aurantium, and C. sinensis, and the results showed that this 

metabolite also induced a cataleptic effect.  

CONCLUSION 

Based on results, it is possible to assure that CLEO induces anxiolytic and hypnotic-sedative effects. 

However, even though this effect involves an interaction between the essential oil and the GABAergic system, 

it does not cause a motor coordination deficit. 

So far, it cannot be said which CLEO constituents or metabolites are responsible for the presented effect, 

nor whether this activity is due to a direct receptor activation or an indirect effect on the increase of GABA 

levels. 
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