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Abstract 
Anxiety in the world population has increased significantly; the problem has encouraged studies regarding 
innovative alternatives for treatment. Research with Citrus aurantium L. essential oil (CEO) has revealed 
positive results with anxiolytic effects in both animals and humans. However, certain limitations affect its 
storage and preservation, its efficiency in therapy, and determination of adequate posologies. The 
potential use of cyclodextrins as drug carriers has been successfully explored. This study aims to assess 
the anxiolytic potential of a CEO/2-hydroxypropyl-β-cyclodextrin (HP-β-CD) inclusion complex. Preparation 
of the inclusion complex was performed using the Alpha 1-2 LDplus lyophilizer. To allow formation, and 
avoid loss of volatiles to the atmosphere, Limonene (LIM), the main compound in CEO, together with HP-
β-CD in a molar ratio of (1: 1M) was dispersed in ethanol for 36 hours using a laboratory shaker at room 
temperature (25°C). Non-clinical murine pharmacological tests were performed for anxiety assessment in 
experimental and control groups. To assess anxiety and motor impairment, the animals were evaluated 
using the elevated plus maze, open field, and rota-rod tests. Satisfactory results of the anxiolytic effect of 
the OEC complexed in HP-β-CD were observed, with the indication of an potentiation of the effect with 
doses lower than 500 mg/kg and 250 mg/kg complexed, suggesting improvement in the anxiolytic 
properties of the OEC. 
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1. INTRODUCTION 
Anxiety has increased significantly in the world population. Many factors have been 

indicated as responsible for this change, and they include profound economic, social, and 
cultural change. Anxiety is regarded as a state of tension, apprehension, and discomfort, 
which originates as a response to imminent internal or external danger, to stress, or to some 
environmental stimulus (Braga, 2010; Freitas, 2013). 
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Study (Karino & Laros, 2014) point out that manifestations of anxiety depend on how 
individuals cope with situations they consider challenging. In the presence of an anxiety-
causing stimulus, the person begins to present unpleasant physiological reactions, the 
posture becomes tense, the facial expression is stressed, and associated headaches may 
cause involvement of physiological, behavioral, and cognitive components. 

Anxiety disorders are present in most populations studied, yet in the United States, they 
are among the most prevalent psychiatric conditions. Benzodiazepines have been used in 
recent years as drugs of choice to treat the various forms of anxiety, and more recently, 
antidepressants have become an option. Yet, although they have benefits, side effects are 
frequent and include anterograde amnesia and physical dependence (Sadock, 2012; 
Viana et al., 2016). 

Studies have found that due to the side effects often presented by conventional 
treatments, up to 43% of patients with anxiety disorders use some form of complementary 
therapy. And thus medicinal alternatives which present specific anxiolytic effect, and yet are 
less harmful to the individual are now being sought (Viana et al., 2016; Ernst, 2006). 

In the search for innovative pharmacological alternatives to treat anxiety, various scientific 
investigations have demonstrated the anxiolytic effects of essential oils. In many countries, 
essential oils have been traditionally used as folk medicine to treat problems related to the 
nervous system, especially symptoms of anxiety (Viana et al., 2016; Costa et al., 2013). 

Essential oils, obtained from plants through physical processes are volatile. Of species that 
can be used to treat anxiety, essential oil from Citrus aurantium L. popularly known as “bitter 
orange” (Rutaceae) (Fernandes Pimenta et al., 2016) contains a majority fraction of limonene. 
As observed from animal behavior when inhaling Citrus aurantium L. essential oil (CEO), non-
clinical rat studies have demonstrated its anxiolytic effects (Leite et al., 2008; Carvalho-Freitas 
& Costa, 2002; Pultrini et al., 2006). The effects of CEO in humans have verified those found in 
research with animals (Fernandes Pimenta et al., 2016; Chaves et al., 2017). 

In relation to the use of essential oils, one of the limitations is preservation and storage, 
this, since most of the components are sensitive to heat and oxidation. In addition, their high 
volatility makes aromatherapy dosages difficult to standardize. 

The inclusion of substances in complexes with HP-β-CD has been studied to improve the 
safety and efficacy of products, since it can increase the solubility, permeability and chemical 
stability of various compounds, such as essential oils, medicines and volatile products 
(Nascimento et al., 2015). 

The potential use of cyclodextrins as drug carriers has been successfully explored, 
improving the physicochemical characteristics of drugs. They are cyclic oligosaccharides, 
obtained by the action of the enzyme cyclodextrin glycosyltransferase by the degradation of 
starch. Due to its ease of access and low cost, HP-β-CD is widely used in the pharmaceutical 
industry, in addition to its ability to interact with most molecules of pharmaceutical interest 
(Costa et al, 2019). 

The use of complexes with HP-β-CD and drugs is important because it presents advantages 
compared to conventional systems. The present manuscript aims to evaluate the anxiolytic 
effect of the EOC in an HP-β-CD inclusion complex, seeking a system with anxiolytic potential 
that presents a reduction in the preservation, storage and volatility limitations of the OEC. 

2. MATERIALS AND METHODS 

2.1. The Citrus aurantium L. and 2-hydroxypropyl-β-cyclodextrin complex 

Development of the CEO and HP-β-CD complex was carried out in partnership with the 
Neuroscience and Pharmacological Tests Laboratory (LANEF), at Sergipe Federal University of 
- UFS. 
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2.1.2. Substances 

2-hydroxypropyl-β-cyclodextrin (HP-β-CD; C54H102O39; purity ≥ 98%) was purchased from 
Sigma-Aldrich (USA), Diazepam (Sigma –USA), Citrus aurantium L. essential oil (CEO), 
presenting the following characteristics: chemical composition - 90% limonene; color - strong 
yellow to orange; odor - citrus, refreshing and penetrating; aspect: clear liquid; density: 
0.8300 - 0.8500 g/mL at 20°C; refractive index at 20°C: 1.4710 - 1.4750; and soluble in ethanol, 
was purchased from By -Samia Aromatherapy (Brazil). 

2.1.3. Preparation of the Citrus autantium L. essential oil/2-hydroxypropyl-β-
cyclodextrin inclusion complex 

Preparation of the inclusion complex was performed by lyophilization using the Alpha 1-
2 LDplus lyophilizer. Limonene (LIM), the main CEO compound, and HP-β-CD in a molar ratio 
of 1: 1M was dispersed in ethanol using a laboratory shaker for 36 hours at room temperature 
(25°C), allowing formation and avoiding loss of volatiles to the atmosphere. The solution was 
frozen at -20°C and lyophilized at -50°C. The lyophilized samples were stored in closed 
containers inside a desiccator (Campos et al., 2019). 

A lyophilization method was used to prepare CEO/HP-β-CD according to the literature 
(Campos et al., 2019; Lima et al., 2019), distilled water (20 mL) containing 1: 1 molar ratios 
(CEO: HP-β-CD) was mixed. The solution was stirred using a magnetic stirring device operating 
at 150 rpm (Quimis Q 261A21, Brazil) at room temperature for 36 hours. After mixing, the 
solution was frozen to - 50°C and lyophilized in a freeze dryer until all moisture was 
sublimated. The lyophilized powder was stored in closed containers inside a desiccator at 
25°C. 

2.2. Development of the non-clinical study 

A non-clinical pharmacological trial at the Psychopharmacology Laboratory - Health 
Sciences Center - CCS of Paraíba Federal University of (UFPB) was performed. All 
experimental procedures were previously analyzed and approved by the Ethics 
Committee on the Use of Animals (CEUA) of Iperfarm/UFPB, under certificate No. 
086/2017. The study was developed according to the ARRIVE guidelines (McGrath et al., 
2010). 

Swiss mice (Mus musculus), albinos, adults, males, weighing between 25 and 35 grams, and 
approximately 3 months of age were supplied by the Prof. Thomas George Vivarium - 
CCS/UFPB. 

Swiss mice (Mus musculus) were used; albinos, adults, males, weighing between 25 and 
35 grams, at approximately 3 months of age, healthy, and supplied by the Prof. Thomas 
George - CCS/UFPB vivarium. 

All were grouped in polyethylene cages, kept under controlled conditions of 
temperature of 21 ± 2°C, obeying a light and dark cycle and absence of stressful noises, 
and without using any medication. The animals had not previously undergone any 
procedures, and had free access to food (pellet type) and water, in order to minimize 
variables. 

The animals were randomly divided into groups of 06 according to treatments and 
later distributed according to evaluation testing. The experimental groups were grouped 
into the Control group, treated with saline solution; the experimental groups - Citrus 
1 g/kg, Citrus 500 mg/kg and Citrus 250 mg/kg, treated with Citrus aurantium L. essential 
oil; the experimental groups - Citrus/β-CD 1 g/kg; Citrus/β-CD 500 mg/kg; Citrus/β-CD 
250 mg/kg, treated with Citrus aurantium L. essential oil in a 2-hydroxypropyl-β-
cyclodextrin inclusion complex; the Diazepan 1.0 mg/kg group, and the pure β-
cyclodextrin group. 
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2.3. Tests 

2.3.1 Elevated Plus Maze Test (EPM) 
The elevated plus maze (Insight® - model EP 150) is an apparatus made of acrylic, gray in 

color with four arms, two of which present side walls without covers (called closed arms), and 
two which are open planks. Each arm is positioned at 90º, and they cross at the center, where 
the animal is placed (Leite et al., 2008). 

The test aims to verify possible anxiolytic or anxiogenic effects of administered substances; 
anxiolytic drugs lead to increases in the number of entries and time spent in the open arms 
(Baretta et al., 2012). 

At half an hour from administration of the treatments, the animals were taken to the EPM. 
The animals were individually placed on the central platform facing one of the open arms of 
the maze. The number of entries and the length of stay in each type of arm were recorded for 
a period of 5 minutes. Entry into an arm was considered when all four legs of the animal meets 
were within its boundary (Leite et al., 2008).  

2.3.2 Open field 
The Open field test is carried out in a walled circular arena so that the animal cannot 

escape. The floor is marked with small squares, which allow quantification of the animal's 
locomotor activity. High defecation and low locomotor activity indicate the animal's anxiety. 
The animal's locomotor activity in the center of the open field is used as a more selective 
measure of anxiety. Locomotor activity in the periphery of the apparatus being normal, 
suggests that a further increase of time spent on the periphery is a principal indicator of 
anxiety. The effect of anxiolytic drugs, such as diazepan, has been largely demonstrated in 
this model (Almeida, 2006). 

2.3.3 Rota-rod test (RRT) 
This test is used to detect motor impairment due to pharmacological agents. The device 

consists of a non-slip plastic bar, 3.0 cm in diameter, running at 5 rpm. Each mouse is placed 
on the device to assess its ability to continue on the rotating bar for 1 minute, with a tolerance 
of up to three falls (Costa et al., 2013; Pultrini et al., 2006). 

To avoid disability bias (unrelated to the drug treatments), the animals were evaluated in a 
routine test, and 24 hours before the start of the experimental procedure the animals 
performing satisfactorily in the initial evaluation were evaluated in the RRT (Costa et al., 2013). 

2.4. Data analysis 
For statistical analysis of the results, GraphPadPrism (version 6.00, GraphPad Software Inc., 

San Diego, CA, USA) was used. Quantitative data were subjected to the normality test. With a 
positive result, the data were compared using analysis of variance (ANOVA) followed by 
Fisher's exact test, and presented as averages with the standard error in parentheses. The 
results were considered significant at a level of 95% (p≤ 0.05). 

3. RESULTS 
After the treatments, the mice were evaluated for the Number of Entries (Figure 1A), and 

the Length of Stay in the open arms of the Elevated Plus Maze (EPM) (Figure 1B). After a single 
treatment, the Citrus 1.0 g/kg, Citrus/β-CD 1.0 g/kg, and diazepam 1.0 mg/kg groups presented 
a significantly increased (p <0.0017) number of entries in the open arms of the EPM compared 
to the Control and pure β-cyclodextrin groups. The mice in the Control group presented an 
average of 4 (0.54) entries in the open arms of the maize. Mice in the β-cyclodextrin group 
presented an average of 6 (1.02) entries. The group treated with Citrus aurantium L. essential 
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oil 1.0 g/kg presented an average of 9 (1.19) entries. The group treated with Citrus/β-CD 
1.0 g/kg presented an average of 10 (1.23) entries, as did the group treated with diazepam, 
with 11 (1.73) entries. There was a significant difference between the Citrus 250 mg/kg group 
and the Citrus/β-CD 250 mg/kg group; the latter presented a greater number of entries in the 
open arms. 

 

Figure 1. Effects measured in the Elevated Plus Maze test (EPM) after single treatment. Control group: 
Saline solution; Citrus 1 g/kg: Citrus aurantium L. essential oil; Citrus 500 mg/kg: Citrus aurantium L. 

essential oil; Citrus 250 mg/kg: Citrus aurantium L. essential oil; Citrus/β-CD 1 g/kg: Citrus aurantium L. 
essential oil in inclusion complex with 2-hydroxypropyl-β-cyclodextrin; Citrus/β-CD 500 mg/kg: Citrus 

aurantium L. essential oil in inclusion complex with 2-hydroxypropyl-β-cyclodextrin; Citrus/β-CD 
250 mg/kg: Citrus aurantium L. essential oil in inclusion complex with 2-hydroxypropyl-β-cyclodextrin; 

Diazepam 1.0 mg/kg; Pure β-cyclodextrin: 2-hydroxypropyl-β-cyclodextrin. (A) Number of mouse 
entries into the open arms of the maze; (B) Time of permanence of the mouse in the open arms of the 

maze. The results are expressed as mean and standard error. * Significant difference (p ≤ 0.05) 
compared to the control group; # Significant difference (p ≤ 0.05) compared to the Citrus 250 mg/kg 

group (ANOVA). 

As for the permanence time in the EPM open arms (Figure 1B), Citrus 1.0 g/kg, the three 
Citrus/β-CD (1.0 g/kg; 500 mg/kg, 250 mg/k) groups, and diazepam at 1.0 mg/kg presented 
significantly increased (p <0.0001) permanence times in the open arms of the EPM as 
compared to the Control group, Citrus 500 mg/kg, Citrus 250 mg/kg, and the pure  
β-cyclodextrin group. The mice in the Control group presented an average of 50 (2.96) seconds 
in the open arms of the maze, the Citrus group 500 mg/kg presented an average of 50 (2.81) 
seconds, the Citrus 250 mg/kg obtained an average of 23 (2.97) seconds. Mice from the pure 
β-cyclodextrin group remained on average 58 (9.04) seconds. The group that received 
diazepam as a treatment presented an average stay of 87 (9.14) seconds. The group treated 
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with CEO 1.0 g/kg presented an average stay of 89 (6.48) seconds. The groups treated with 
Citrus/β-CD (1.0 g/kg; 500 mg/kg, 250 mg/k) presented average respective permanence times 
in seconds of 103 (6.96), 95 (9.35), and 114 (9.17). 

The results of the Open Field test are shown in Figure 2. After the treatments, the mice 
were evaluated for Grooming Time (A), Ambulation Time (B), and Rearing Time (C). After the 
single treatment, Citrus/β-CD 500 mg/kg and diazepam at 1.0 mg/kg significantly increased 
(p <0.0001) Grooming Time (A), with an average of 55 (11.44) seconds and 66 (10.68) seconds 
respectively, as compared to the Control group average of 10 (2.53) seconds, and the Pure β-
cyclodextrin group average of 19 (4.21) seconds. As for Ambulatory Time (B) in the Open Field 
test, the three groups of Citrus/β-CD (1.0 g/kg; 500 mg/kg, and 250 mg/k) and diazepam at  
1.0 mg/kg presented a difference (p <0.0001) from the Control group and the Pure β-
cyclodextrin group. The first three presented respective average ambulation times of 
86 (2.96), 86 (4.51), and 98 (5.59) in seconds, the diazepam group presented an average of 
132 (18.41) seconds, the control group presented an average of 46 (1.32) seconds, the pure β-
cyclodextrin group presented an average of 52 (4.85) seconds. 

Evaluating Rearing time, although a slight increase was observed in the average time of the 
treated groups, no significant differences attributable to the effect of the studied substances, 
nor for diazepam, the positive control were observed. 

 
Figure 2-. Effects on Open Field test results after a single treatment. Control: Saline Solution; Citrus 1 

g/kg: Citrus aurantium L. essential oil; Citrus/β-CD 1 g/kg: Citrus aurantium L. essential oil in an inclusion 
complex with 2-hydroxypropyl-β-cyclodextrin; Citrus/β-CD 500 mg/kg: Citrus aurantium L. essential oil in 

an inclusion complex with 2-hydroxypropyl-β-cyclodextrin; Citrus/β-CD 250 mg/kg: Citrus aurantium L. 
essential oil in an inclusion complex with 2-hydroxypropyl-β-cyclodextrin; Diazepam 1.0 mg/kg; Pure β-
cyclodextrin: 2-hydroxypropyl-β-cyclodextrin. (A) Grooming time in the Open Field; (B) Ambulation time 

in the Open Field; (C) Rearing time in the Open Field. * p ≤ 0.05 as compared to the control group 
(ANOVA). 
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Assessing motor impairment (due to the administered pharmacological agents), there was 
a longer permanence time recorded for the Control, Citrus 1 g/kg, Citrus/β-CD 1 g/kg, and 
Pure β-cyclodextrin groups as compared to diazepam, with a significant difference for the 60 
minute (A) and 90 minute (B) time periods (Figure 3). diazepam presents an anxiolytic effect 
which also interferes with the animal locomotor activity. From measurements of permanence 
time at 120 minutes from administrations, it was considered that diazepam presented no 
further effect on the mice, since the statistical difference between the groups was gone, with 
the mice (in all groups studied) presenting similar permanence time. In the tests performed, 
no adverse effects were observed that could be attributed to the EO or its complexed form. 

 
Figure 3.  Effects on the Rota Rod test results after a single treatment. Control: Saline solution; Citrus 1 
g/kg: Citrus aurantium L. essential oil; Citrus/β-CD 1 g/kg: Citrus aurantium L. essential oil in an inclusion 

complex with 2-hydroxypropyl-β-cyclodextrin; Diazepam 1.0 mg/kg; Pure β-cyclodextrin: 2-
hydroxypropyl-β-cyclodextrin. (A) Length of stay on the Rota Rod after 60 minutes. (B) Length of stay on 

the Rota Rod after 90 minutes. (C) Length of stay on the Rota Rod after 120 minutes. * p ≤ 0.05 
compared to the control group (ANOVA). 

4. DISCUSSION 
For the objective of understanding etiological factors, mechanisms, and disease 

treatments, using animal species as models has been effective despite difficult extrapolation 
of such results to humans. The limitations for investigating a human disease may involve 
ethical or aspects inherent to the disease itself, as well as the mode of investigation (Fagundes 
& Taha, 2004). Animal models using mice to investigate drugs with an anxiolytic profile are 
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considered a viable option, since such models are capable of reproducing behavioral and 
pathological characteristics interpreted using anxiety syndrome characteristics. The species 
was chosen based on its biological, behavioral, and genetic makeup (Andreatini et al., 2001; 
Nunes & Hallak, 2014). 

According to the Brazilian Guideline for the Care and Use of Animals for Scientific and 
Didactic Purposes (DBCA) of the National Council for Animal Experimentation Control 
(CONCEA), a reduction in the number of animals used should not be at the expense of loss of 
reliability in the results. According to the CONCEA definition, the present study is characterized 
as presenting a low Degree of Invasiveness (GI1); experiments that cause little or no 
discomfort or stress (Conselho Nacional de Controle de Experimentação Animal, 2013). 

The literature presents a variety of essential oils with anxiolytic effects in different animal 
models. Research highlights Citrus aurantium L., which can be used in different administration 
routes, with significant effects in various animal models, and with results corroborated by 
different research groups (de Sousa et al., 2015). 

The EPM findings corroborate previous research. Study (Montoya et al., 2008) indicates 
anxiolytic effect for CEO (1 g/kg), as reflected in an increased time spent in the open arms of 
the EPM, and an increase in the number of and percentage of entries in the open arms. Due 
to the observed behavior, the authors suggest CEO as an anxiolytic. 

The permanence time in the open arms of the EPM was longer in the groups treated with 
1.0 g/kg Citrus essential oil, the three Citrus/β-CD groups (1.0 g/kg; 500 mg/kg, 250 mg/kg), and 
diazepam at 1.0 mg/kg, with significant differences from the control group. It is noteworthy 
that for the length of stay, the 500 mg/kg and 250 mg/kg Citrus groups presented no significant 
differences from the control group, differing from the 500 mg/kg and 250 mg/kg groups 
complexed with β-CD. This suggests CEO enhancement effects in these presentations. 

The results observed, potentiated in groups treated with complexed EOC reiterate the 
effect of the studied substance and the safety of its complexation, since such effects are not 
observed with β-CD without EOC. Studies demonstrate that the proposed complexation 
method with β-CD is effective, economical and improves the physical-chemical character of 
limonene, a major component of the EOC (Costa et al., 2019; dos Passos Menezes et al., 2017; 
Araújo-Filho et al., 2017). Monoterpenes, including limonene, when complexed with β-CD and 
its derivatives present better stability, thus improving efficiency compared to non-complexed 
monoterpenes, a result attributed to the stability and bioavailability provided by β-CB 
(Brito et al., 2015; de Oliveira et al., 2015). 

Study (Lima et al., 2016) attributes that the inclusion of substances in complexes has been 
able to improve the characteristics of the drug, such as bioavailability, solubility and stability; 
increasing activity and effectiveness, which corroborates the results presented. Experimental 
evidence is demonstrated that cyclodextrin improves the anxiolytic properties of OEC, an 
innovative finding. 

In a study using Citral, a monoterpene, and the principal compound found in the essential 
oil of Cymbopogon citratus, known as “lemongrass”, were observed (in animal models) anti-
hyperalgesic and anti-inflammatory effects for Citral/β-cyclodextrin inclusion complexes. The 
samples demonstrated anti-hyperalgesic and anti-inflammatory activity, being due to 
reductions in total leukocyte levels. Of the samples evaluated, the Citral in β-cyclodextrin 
inclusion complexes presented the best pharmacological effects (Campos et al., 2019). 

For the EPM tests, the 1.0 g/kg Citrus essential oil group, the 1.0 g/kg Citrus/β-CD group, and 
1.0 mg/kg diazepam treated mice presented more entries in the open arms, with a significant 
difference from the control group. A study (Carvalho-Freitas & Costa, 2002) that evaluated 
anxiolytic effects in rats exposed by inhalation to essential oil from the shells of Citrus 
aurantium L., observed safe reductions in anxiety and psychological stress. Corroborating our 
findings, the essential oil induced a significant increase in the time that the animals remained 
in the open arms of the maze, as well as a tendency to decrease the time spent in the closed 
arms, as compared to the control animals. 
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Research shows that in addition to finding significant anxiolytic activity in the EOC 
(Costa et al., 2013), in addition to finding significant anxiolytic activity in the EOC, present 
results that strongly suggest involvement of 5-HT 1a receptors, a subtype of serotonin 
receptors. This presents a possible path for EOC activity. Citrus aurantium L. reinforces 
serotonergic pathways to increase the effect of serotonin in synaptic clefts, this leads to 
continued tranquility and reduced anxiety in the laboratory animals (Saketi et al., 2014). 

It is noteworthy when observing the multiple comparisons of the test, the 250 mg/kg 
Citrus/β-CD group presented a higher number of entries into the open arms of the EPM than 
the 250 mg/kg Citrus group, presenting a significant difference, and reiterating the 
potentiation effect of the complexed Citrus essential oil presentation. Researchers 
(Camargo et al., 2018), evaluated the cardiovascular effects of Linalool, (a monoterpene 
alcohol present in certain aromatic medicinal plants with biological activity), when complexed 
in β-cyclodextrin. The Linalool in β-Cyclodextrin inclusion complex produced a higher 
antihypertensive profile than the non-complexed form, suggesting potent antihypertensive 
effects important to cardiovascular activity. 

In the Open Field test, Citrus/β-CD (500 mg/kg) and diazepam at (1 g/kg) significantly 
increased the Grooming Time of the mice as compared to the Control group and the β-CD 
Pure group. In rodents, grooming involves thermoregulation, hair hygiene, and socialization. 
Grooming stands out most for its relationship to stress, when it occurs, and is potentially 
informative for studies in animal anxiety (Kalueff et al., 2016). 

A study carried out with mice exposed to the open field test (Estanislau et al., 2013), 
observing mice in an open field test, observed a situation of declining averseness over time, 
(habituation might reduce averseness), the animals presented less grooming activity at the 
beginning of the test, with gradual increases of up to about half of the session’s duration. 
Exposures at different levels are highlighted for appearing to produce different effects on 
grooming, increased anxiety, and/or fear, stimulation of the amygdala circuit, and 
administration of anxiogenic drugs, would likely prevent grooming. 

As for Ambulation Time in the open field, the three groups: Citrus/β-CD (1.0 g/kg, 500 mg/kg, 
and 250 mg/kg), and diazepam at 1.0 mg/kg presented significant differences from the Control 
and the pure β-CD groups. There was no increase in ambulation for the 1.0 g/kg Citrus group; 
this implies possible potentiation of the effect of Citrus aurantium L. when in the HP-β-CD 
complex. It also corroborates the findings (Leite et al., 2008), did not observed no changes in 
relation to the ambulation of a group treated with CEO and the control group; rearings and 
freezing times revealed no changes as well. 

Research with CEO in humans is promising, in a study carried out with patients with chronic 
myeloid leukemia (in the moments preceding collection of spinal material), it was observed 
that patients inhaling CEO present a decrease in anxiety and remain relaxed during the 
procedure (8). Evaluating CEO inhaled by crack users (in abstinence), study (12), demonstrated 
the anxiolytic effect of the oil in a group living daily with anxiety in different levels. The problem 
of anxiety is faced during the period of abstinence, maintenance, and final abandonment of 
drugs. A clinical study presented the effectiveness of aromatherapy using CEO for 
premenstrual syndrome (PMS); it may well be effective as a new therapeutic method for the 
emotions and symptoms of PMS (Heydari et al., 2018). 

The rota rod test results in the present research demonstrate that CEO alone, and in the 
HP-β-CD complex as well, presents anxiolytic effects without motor impairment in the mice. 
The literature (Carvalho-Freitas & Costa, 2002) shows that mice treated with the same doses 
of CEO, presented no impairment in spontaneous ambulation. Another study (Pultrini et al., 
2006) also concluded that CEO presents anxiolytic activity in rodents, yet without motor 
impairment, even after 15 consecutive days of treatment. 

This is a non-clinical study, so all data are preliminary, needing more in-depth studies for 
greater solidity of the results presented. In the clinic, anxiety is diagnosed and evaluated 
mainly by patients' reports, indicating the subjective nature, which brings a limitation to 
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animal models of anxiety. The use of fewer animals in the present study is also one of its 
limitations, for being a representative sample, for obtaining reliable results. 

5. CONCLUSION 
Satisfactory results for the anxiolytic effect of CEO complexed with HP-β-CD were observed, 

an important finding for ensured dose administration without losses due to volatility. The 
study also indicates a potentiation effect for doses lower than 500 mg/kg and 250 mg/kg when 
complexed, suggesting lower losses of active ingredient during the pharmacokinetic process. 
It is also noteworthy that motor impairment was not affected; a desired finding for a 
substance with anxiolytic action. The development of a CEO/HP-β-CD complex with positive 
anxiolytic results in animals is promising for future research and development of medicines 
for humans. 
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