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Currently, anxiety is one of the most common mental  disorders affecting humanity and its prevalence is  
increasing. Anxiolytic substances occupy a prominen t post in the ranking of the most utilized drugs by  
man. However, the anxiolytic drugs have an unfavora ble risk/benefit ratio, especially benzodiazepines.  
Several medicinal plants have been used in traditio nal folk medicine for their anxiolytic or sedative 
properties. It is well reported in the literature t hat aromatic substances have the power to influence  
emotional states in humans. Several plants rich in essential oil have been used in the treatment of an xiety. 
In addition, a great number of essential oils are c urrently in use as aromatherapy agents to relieve s tress 
and depression. These oils are considered a holisti c complementary therapy utilized for increased comf ort 
and reduce stress. For this reason, we performed a literature review used papers indexed in Elsevier 
Science Direct and PubMed a source of research. The  dates were collected of reviewed studies from 2000  to 
2011 using essential oils of genus citrus with anxiolytic effects in preclinical models and clinical studies. 
Ethnopharmacological data has confirmed the popular  use of plant species of the genus Citrus with 
sedatives, hypnotics, tranquilizers and anti-epilep tics activities to treat disorders of the central n ervous 
system. Given these assumptions, this paper aims to  describe the principal evidence in the literature about 
the use of essential oils of genus citrus with anxiolytic effects in preclinical models and clinical studies. 
 
Key words:  Genus citrus, anxiolytic effects, preclinical models, clinical studies of anxiety. 

 
 
INTRODUCTION 
 
Anxiety and medicinal plants 
 
Anxiety includes a feeling of apprehension and fear 
characterized by physical symptoms such as palpitations, 
sweating and feelings of stress 
(http://search.medicinenet.com). It is known to man for 
thousands of years, being regarded as responsible for 
human  survival  on   earth. Fear  of  attacks by predators  
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and mental anticipation of  this  possibility, characteristics 
of anxiety, allowed the man to adopt effective strategies 
to escape or coping allowing the preservation of the 
species (Schmitt and Kapczinski, 2004). It is recognized 
that some anxiety is necessary for performance of tasks 
cognitive being inadequate in exaggeration, as this will 
degrade performance. However, the distinction between 
normal and pathological anxiety state is not easy, when 
anxiety interferes with normal activities, it is pathological 
anxiety, which is considered an inappropriate response to 
a stimulus, because of its intensity or duration, being 
consensus  on  the   psychiatric   the   need   for   medical  



 

 
 
 
 
intervention when it is apparent disproportionate possible 
causes which can cause confusion and distortion of time 
perception and the meaning of events (Brandão, 2001). 
The pathological anxiety is most often a result of other 
psychiatric illness or not, being called secondary anxiety. 
However, when it is main or only manifestation clinical is 
classified of primary anxiety (Graeff and Brandão, 1999). 

The anxiety disorders include: panic disorder, 
obsessive compulsive disorder, pos-traumatic stress 
disorder, social phobia, specific phobias and generalized 
anxiety disorder. Each of these anxiety disorders has its 
own distinct features, but they are all bound together by 
the common theme of excessive, irrational fear and dread 
(http://search.medicinenet.com).  

As at present the etiologic factors responsible for 
anxiety and tension are not expected to decrease; there 
is a need for new anxiolytic drugs with less potential to 
induce adverse reactions. Some plants have been used 
for such purposes since ancient times. Today, the use of 
their extracts is gaining increased acceptance by both the 
medical profession and patients (Carlini, 2003). 

In the treatment of anxiety employment of teas from 
various plants is common. Given the standard of 
effectiveness presented by currently available drugs for 
the treatment of anxiety, research is needed to identify 
new compounds (Gomes et al., 2009). In this context, 
natural products are a promising source for obtaining new 
molecules with pharmacological activity on central 
nervous system. 

Moreover, research involving medicinal plants has 
been shown to be important in getting new chemicals that 
are potentially capable of becoming a drug. Medicinal 
plants are distributed throughout the world but are most 
abundant in tropical countries (Calixto, 2000). 
Unquestionably recognized on the world scenario the 
Brazilian flora is considered unique because of the 
immense variety of plant species. In this scenario, the 
Amazon is one of the most important sources of active 
compounds on the planet, for its diversity of species with 
therapeutic potential, making the prospects for the highly 
promising phytotherapy in Brazil (Vieira, 1992). 

The modern man differs from other seasons by high 
consumption of medicines. However, the large supply of 
medicine does not solve the health problems of the 
majority of the population. According to World Health 
Organization, 80% of the population has no access to 
primary health care, because they are distant from health 
centers or lack resources to purchase prescription drugs 
(Akerele, 1993; Veiga, 2008). Thus, alternative therapies 
are a major form of treatment and medicinal plants the 
main form of therapy, and patients generally consider this 
form of treatment to be both safe and effective 
(Eisenberg et al., 2008; Mengue et al., 2001; Mendonça-
Filho and Menezes, 2003; Carlini et al., 2006; Agra et al., 
2007). Moreover, such ancient use of plants was a lead 
for scientists in their search for new substances endowed 
with  therapeutic  properties,  it  is  estimated  that  nearly  
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25% of the modern drugs directly or indirectly originated 
from plants (Carlini, 2003). Several plants rich in 
essential oil has been used in the treatment of anxiety, 
among these stand out, orange, Citrus sinensis (Faturi et 
al., 2010), bergamot, Citrus aurantium (Carvalho-Freitas 
and Costa, 2002; Pultrini et al., 2006), lemon, Citrus 
limon (Ceccarelli et al., 2004). In addition, the essential 
oils are currently in use as aromatherapy agents to 
relieve stress and depression and have been used 
topically for their antibiotic and antiviral properties for 
years (Setzer, 2009; Cooke and Ernst, 2000).  
 
 
ESSENTIAL OILS AND AROMATHERAPY 
 
Essential oils have been defined as the volatile organic 
constituents of fragrant plant matter that contribute to 
both flavour and fragrance. Essential oils are extracted 
from plants primarily through the technique of steam 
distillation; they are consisting mainly of mono-and 
sesquiterpenes and phenylpropanoids, metabolites that 
confer their organoleptic characteristics. Brazil stands in 
the production of essential oil, along with India, China 
and Indonesia that are considered the world's largest 
producers. Brazil stands out mainly by the production of 
essential oils obtained especially the citrus genus and the 
species C. aurantium L. is one of the most used (Bizzo et 
al., 2009). Currently in France, the purchase of essential 
oil is made only on prescription. In Britain and other 
European countries the essential oil has been used for 
massage, inhalation and skin application and are 
therefore considered a holistic complementary therapy 
utilized for increased comfort and reduce stress (Buckle, 
2001). Several authors also report that the oils essences 
restore the emotional well-being, reduces depression, 
anxiety and stress (Louis and Kowalski, 2002; Edge, 
2003; Kyle, 2006; Atsumi and Tonosaky, 2007). 

Aromatherapy is defined as the use of essential oils 
extracted from plants to produce physiologic or 
pharmacologic effects through the sense of smell or 
absorption from the skin (Cooke and Ernst, 2000). The 
proponents of aromatherapy lay claim to an ancient 
tradition of herbal medicine practiced in countries such as 
Egypt and India thousands of years ago. However, the 
term was initially used by the French chemist Gattefossé 
in a book first published in 1936. It is now commonly 
administered by massaging into the skin, and the term 
aromatherapy usually implies massage with a range of 
aromatic plant extracts known as essential oils (Cooke 
and Ernst, 2000). Aromatherapy is employed for relief of 
pain, relaxation and anxiety reduction, and enhanced 
energy. Essential oils have been used to help women 
cope with labor pain, relieve chemotherapy side effects, 
enhance the rehabilitation of cardiac patients, promote 
restful sleep and to reduce post-surgical discomfort (Price 
and Price, 1999). 

Despite  aromatherapy’s  popularity,  efficacy  data  are  
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scant and potential mechanisms are controversial. In 
2001, Hirsch suggested that essential oils probably act 
like a drug or enzyme, such that particular odors should 
have very specific effects, a popular view among 
aromatherapy practitioners who prescribe certain odors 
for distinct health problems. For example, in a sleep 
study, lavender oil presented the first 2 min of every 10 
min period for 40 min increased deep or slow-wave sleep 
compared to a control (distilled water) stimulus (Goel et 
al., 2005).  

In view of the limitations of the more traditional 
approaches, attention was given to the use of 
complementary and alternative medicine as an adjuvant 
treatment. This form of therapy has been widely used. 
The complementary and alternative medicine refers to 
practices, approaches, knowledge, and beliefs incorpora-
ting plant, animal and mineral-based medicines, spiritual 
therapies, manual techniques, and exercise that are not 
presently judged to be part of conventional medicine 
(Hughes, 2008). This type of therapy adopts a holistic 
approach to medicine and indicates the treatment of the 
“whole” person by addressing their physical and mental. 
Thus, aromatherapy is a particular kind of complementary 
and alternative medicine widely used around the world for 
the management of depression or other stress-related 
disorders (Barnes et al., 2004; Komori, 2009). 
 
 
GENUS CITRUS AND PRECLINICAL STUDIES 
 
In recent years, research on the effects of aromatherapy 
using animal models has blossomed. Studies found that 
essential oils produced anxiolytic or antistress effects in 
rats and mice (Carvalho-Freitas and Costa, 2002; Komiya 
et al., 2006; Pultrini et al., 2006; Fukumoto et al., 2008; 
Gargano et al., 2008; Leite et al., 2008; Faturi et al., 
2010).  Among the many effects of essential oil, anxiolytic 
and antidepressant effects are very helpful for psychiatry 
and psychopharmacology, since combining the medicine 
and essential oil can reduce the dose of those medicines 
and essential oil may help prevent the side effects of the 
anxiolytic and antidepressant medicines (Cooke and 
Ernst, 2000). Since all clinically available anxiolytics and 
antidepressants have limited clinical efficacy because of 
their adverse side effects, such as the amnesic effect of 
benzodiazepine (Komiya et al., 2006). The search for 
new alternatives for treating these diseases is important. 

In this context, plant species of the genus Citrus are 
used as sedatives, hypnotics, tranquilizers may be useful 
in treating disorders of the central nervous system. 
Among the species of this genus that can be useful in 
treating anxiety highlight the species C. aurantium L. This 
species belongs to the family Rutaceae is popularly 
known as “bitter orange” or “sour orange” (Santos et al., 
1988; Sanguinetti, 1989) is native to Southeast Asia, 
India and China (Grieve, 1994). The parts most used for 
medicinal purposes by the population are the peel of fruit, 

 
 
 
 
flowers and leaves. With respect to their effects on the 
central nervous system it is popularly used to cure 
insomnia, to treat nervousness, anxiety and hysteria, and 
the flowers are used as sedatives (Lehrner et al., 2000). 
Ethnopharmacological data has confirmed the popular 
use of C. aurantium L. as an alternative treatment of 
disorders related to CNS. This species has been used to 
treat anxiety, among other central nervous system 
disorders (Pultrini et al., 2006). The main compound 
present in the essential oil from peel of C. aurantium L. 
analyzed by gas chromatography is limonene 96.24% 
followed by myrcene 2.24%; (Leite et al., 2008). Pultrini 
and collaborators obtained similar results using analysis 
by gas chromatography coupled with mass spectrometer, 
the main compounds present in the essential oil from 
peel of C. aurantium L. is limonene (97.83%) and 
myrcene (1.43%). Both compounds have biological 
activity related with depression of central nervous system 
(Pultrini et al., 2006). Corroborating these results, Vale 
and collaborators demonstrated that mice treated with 
limonene or myrcene shown decrease in spontaneous 
activity, rearing and grooming in the open field test and 
were able in increase the barbiturate sleeping time (Vale 
et al., 2002).  

In 2002, Carvalho-Freitas and Costa demonstrated that 
the essential oil obtained from peel of C. aurantium L. 
showed anxiolytic activity after a single administration in 
mice, denoted by the increase in time spent in open arms 
of the elevated plus maze. The effects of the essential oil 
from C. aurantium L. it were evaluated in two other two 
experimental models: the light–dark box and the marble-
burying test (Pultrini et al., 2006). Mice were treated 
acutely by oral route 30 min (single dose) or once a day 
for 15 days (repeated doses) before experimental 
procedures. In light–dark box test, single treatment with 
essential oil augmented the time spent by mice in the 
light chamber and the number of transitions between the 
two compartments. On the other hand, there were no 
observed alterations in the parameters evaluated in light–
dark box after repeated treatment. In the marble-burying 
test, the essential oil significantly decreased the number 
of marbles buried after single and after repeated 
treatments. 

Essential oils obtained from ripe fruit peels of C. latifolia 
and C. reticulate elicited anxiolytic and sedative effects. 
The limonene was the main compound in these essential 
oils, 58 and 90%, respectively. The essential oils were 
administered orally in mice, 30 min before each 
experimental procedure. Treatment with C. latifolia (1.0 
and 1.5 g/Kg) and C. reticulate (1.5 g/Kg) significantly 
decreased the number of marbles buried in the Marble-
Burying test. In the light/dark box test, 0.5 g/Kg of C. 
latifolia essential oil increased the time spent in light 
compartment. On the other hand, no effect was observed 
with the animals that were treated with C. reticulate of 
essential oil (0.25, 0.5 or 1.0 g/Kg). In addition, essential 
oils  from  C. latifolia, C. reticulate and C. aurantium were
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Table 1.  Preclinical studies of essentials oils from genus Citrus and their effects on the central nervous system. 
 

Herbs/essential oil Effect Species Reference 

Linalool Anxiolytic, increased social interaction 
and decreased aggressive behavior Mice Linck et al. (2010) 

    

Citrus bergamia oil Anxiolytic Rat 
Carvalho-Freiras and Costa (2002), 
Pultrini et al. (2006), Saiyudthong and 
Marsden (2010) 

    

Cittrus aurantium oil  Anxiolytic, sedative and anticonvulsive 
Rat Leite et al. (2008) 
Mice Blanco et al. (2009) 

    

Cymbopogon citrates-Citrus 
grass oil 

Anxiolytic, sedative and Anticonvulsive Mice Faturi et al. (2010) 

    

Citrus sinensis oil Anxiolytic Rat Komiya et al. (2006) 
    

Citrus  lemon oil Anti-stress, Sedative  Mice Fukumoto et al. (2008) 
    

Citrus latifolia and C. reticulata oil Anti-stress and anxiolytic Mice Gargano et al. (2008) 
 
 
 
effective in increased sleep duration induced by ether 
inhalation (Gargano et al., 2008).  

Recently, Faturi et al. (2010) observed an anxiolytic 
effect of sweet orange (Citrus sinensis) aroma in rats. 
The main volatile component of C. sinensis is the 
limonene (97.66%). The animals were exposed to the 
orange odor (100, 200 or 400 µl) for 5 min and were then 
immediately submitted to the behavioral tests. The 
animals that received (200 and 400 µl) spent more time 
and entered more into the open arms than the control 
group. In addition, the group treated with 400 µl also 
explored more the open arms than the group that was 
exposed to 100 µl of essential oil. In the lit chamber of the 
light/dark paradigm, only the animals exposed to 100 and 
400 µl spent more time in the lit chamber than the control 
group. Theses results are summarized in Table 1. Park et 
al. (2011) found that limonene directly binds to the 
adenosine A2A receptor, which may induce sedative 
effects. Moreover, results from an in vitro radioligand 
binding assay showed that limonene exhibits selective 
affinity to A2A receptors. In addition, limonene increased 
cytosolic cAMP concentration and induced activation of 
protein kinase A and phosphorylation of cAMP-response 
element-binding protein in Chinese hamster ovary cells 
transfected with the human adenosine A2A receptor gene. 
Limonene also increased cytosolic calcium concentration, 
which can be achieved by the activation of adenosine A2A 
receptors. These results suggest that limonene can act 
as a ligand and an agonist for adenosine A2A receptors. 
 
 
GENUS CITRUS AND CLINICAL STUDIES 
 
In   a   study   by   Lehner   et   al. (2000), dental patients, 

exposed to the C. sinensis odour diffused in the waiting 
room before a dental procedure, female patients showed 
lower levels of state-anxiety compared to control patients, 
exposed to air only. Although, this effect was not 
observed in male patients.  

In a controlled experimental study (Lehrner et al., 
2005), patients were stimulated either with ambient odor 
of orange (C. sinensis) in a dentist’s waiting room. These 
conditions were compared to a music condition and a 
control condition (with no odor and no music). The 
authors found that patients who were exposed to orange 
odor had a lower level of state anxiety, a more positive 
mood, and a higher level of calmness compared to the 
patients in the control condition and the patients that 
exposure to a music has a intermediate effect (Lehrner et 
al., 2005). It has been postulated that the effects of odors 
on stress are mediated through stimulation of the 
olfactory (Ceccarelia et al., 2004; Komori et al., 1995). 
Corroborating this assumption, citrus essential oil 
affected the release of monoamines from rat brain tissue, 
theses results suggested that monoterpenes in citrus 
essential oils reach the brain and act on the 
neurotransmitter regulation system (Fukumoto et al., 
2006). Recently, it was reported that flavors components 
in lemon essential oil, limonene (Saiyudthong and 
Marsden, 2010), gamma-terpinene and citral inhibited 
elevation of serum corticosterone levels and monoamine 
levels in brain on physical and psychological stress. 
These results suggest that limonene have a stress-
alleviating effect. In addition, the presence of perilic acid, 
a limonene metabolite, was found at concentration of 1.5 
to 2.5 µg/ml in serum and 0.4 to 0.6 µg/ml in brain tissue 
collected 3 h after intraperitoneal administration of lemon 
components (Fukumoto et al., 2008). 
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Table 2.  Clinical studies of the essential oils of orange (Citrus sinensis). 
 

Experimental design Effect Reference 

35 patients were exposed to odor orange and the 
state anxiety was measured through questionnaires. 

Reduced levels of state-anxiety in female. 
 

Lehrner et al. (2000) 

   
50 patients were exposed to odor orange and the 
state anxiety was measured through questionnaires. 

Lower levels of state anxiety, more positive 
mood and a higher level of calmness. 

Lehrner et al. (2005) 

   
81 patients were exposed to odor orange and the 
state anxiety was assessed through questionnaires. No effects on the anticipatory anxiety. Toet et al. (2010) 

 
 
 
On the other hand, Toet et al. (2010), investigated 
whether oranges and apple odor reduced anxiety in 
patients waiting for dental treatment in large dental 
clinics. While they were waiting for dental treatment, the 
participants were either exposed to the ambient odor of 
orange or apple, or they received no odor. Anxiety state, 
mood, and perceived level of pain of the participants 
were assessed using questionnaires. The results showed 
no effect on the anticipatory anxiety, mood or pain 
between the responses of patients in each of the three 
experimental groups. Because this study was conducted 
in a large dental clinics and studies of Lehrner et al. 
(2000, 2005) were carried out in a small dental office, in 
large practices there is a continuous coming and going of 
patients, and this may have provided the patients an 
additional source of distraction, thereby lowering their 
self-awareness and reducing their anxiety. Theses results 
are summarized in Table 2. 

In conclusion, the use of essential oil of genus Citrus 
could be a great alternative since it has shown positive 
emotional effects in studies with humans and 
demonstrated anxiolytic and sedative effects in 
experimental models of anxiety.  
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