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ABSTRACT 

The search for therapeutic agents that will provide 
the ground for man and an improvement in their 
quality of life is ceaseless. The nerol (cis-2,6-dimethyl- 
2,6-octadien-8-ol) is a monoterpene which can be 
found in various medicinal plants as Lippia spp and 
Melissa officinalis L. The objective of this study was 
to analyze the acute effect of nerol in the central ner- 
vous system (CNS) by performing behavioral tests in 
mice (open field, elevated plus-maze, light/dark and 
rota rod tests). We used male albino mice (Mus mus- 
culus), Swiss variety, adult with 2 month-old. The ani- 
mals were divided into five groups (n = 8) for each 
experimental protocol, and they were administered 
intraperitoneally (i.p.), respectively, Tween 80 0.05% 
dissolved in saline solution 0.9%, nerol (30, 60 or 90 
mg/kg) or diazepam (2 mg/kg). In the open field test, 
all groups treated with nerol showed a significant de- 
crease in motor activity (number of crossings, rear- 
ings and groomings) when compared with vehicle 
group. In the elevated plus-maze test, nerol groups 
significantly increased the number of entries and time 
of permanence in the open arms when compared with 
vehicle group. In the light-dark test, nerol groups 
showed a significant increase the time of permanence 
in the room clear when compared with vehicle group. 
In the rota rod test, the groups treated with nerol 
didn’t show modification in time spent and number of 
falls in the revolving bar when compared with vehicle 
group. These results indicate a possible anxiolytic ef- 
fect of nerol in mice. 
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1. INTRODUCTION 

The use of bioactive substances in various therapeutic 
forms by man dates back to ancient times, with descrip- 
tions of its use from 4000 BC containing drawings and 
writings that show that the local culture, even then, it 
was known about the use of medicinal plants known 
today such as thyme, opium and licorice [1]. Nowadays, 
the bioactive compounds extracted from natural products 
are still part of a considerable portion of the therapeutic 
arsenal for many different purposes. It is estimated that 
approximately 25% - 30% of all drugs are evaluated as 
therapeutic agents derived natural products [2]. 

The discovery of natural or synthetic compounds with 
pharmacological properties and its mechanism of action 
has been one of the biggest challenges for the pharma- 
ceutical chemistry, biochemistry and pharmacology. The 
natural compounds found in medicinal plants, when eva- 
luated, can make synergistic effects. Thus, it is extremely 
necessary to understand the composition and chemical 
structure of these compounds to an elucidation of its po- 
tential benefits [2]. The bioactive compounds presents in 
plants are essential. The comprehension of the role of the 
maintenance of health is beginning to emerge recently, 
although the existence of these compounds has been 
known for a long time [1,3]. 

The plants biosynthesize a variety of compounds 
which have no obvious function in the growth and deve- 
lopment, called secondary metabolites. These metabo- 
lites are also called natural products and their studies  
led to a current focus on the discovery of new drugs [4]. *Corresponding author. 
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Within this context, we cite several monoterpenes with 
different applications, especially in the pharmaceutical in- 
dustry, food and cosmetics. Many of them have differ- 
ent biological properties, such as antifungal, antioxidant, 
anticancer, anti-spasmodic and larvicidal activities [5-9]. 
It was also denoted antinociceptive and antiinflammato- 
ry activities, especially on glutamatergic neurotransmis- 
sion [10]. Monoterpenes are the compounds biosynthe- 
sized by some plants which consist of two isoprene units. 
They are referred to as low molecular weight terpenoids 
and represent the most diverse class of plant [1]. Mono- 
terpenes also produce significant effects on the cardiova- 
scular system, providing vasorelaxation, decreased heart 
rate, hypotension and may be useful as agents for the pre- 
vention and/or treatment of cardiovascular diseases [11]. 

Some monoterpenes in many essential oils possess an- 
ticonvulsant activity in animal experiments, such as lina- 
lool, that has a broad spectrum of action in experimental 
models of epilepsy in mice, especially protection against 
seizures induced by pentylenetetrazol, picrotoxin and 
electroshock, citronellol and limonene have significant 
anticonvulsant activity by the reduction of neuronal ex- 
citability through the channels mainly Na+-dependent 
voltage [12-14]. The antimicrobial activity is documented 
by several monoterpenes like menthol, thymol, and lina- 
lyl acetate, with a possible mechanism of action due at 
least in part, a disturbance of the lipid fraction of bacte- 
rial plasma membrane which result in membrane perme- 
ability [15]. The monoterpene compounds also exhibit 
various pharmacological properties, such as limonene with 
antinociceptive effect which mechanism of action can be 
related to the stimulation of opiate receptors and inhibi- 
tion of inflammatory mediators [16]. 

Nerol (cis-2,6-dimethyl-2,6-octadien-8-ol) has the che- 
mical formula C10H18O. It has molecular weight 154.25 
g/mol, boiling point 225˚C and solubility in water of 
about 255.8 mg/L at 25˚C [17]. This monoterpene can be 
found in several medicinal plants, as Lippia spp and Me- 
lissa officinalis L. Previous studies have demonstrated 
antimicrobial, anxiolytic, antioxidant and antiviral pro- 
perties for these species can be attributed to the presence 
of nerol [18-21]. In addition, nerol is used as fragrances, 
soaps, shampoos, and not cosmetic products such as clea- 
ners and detergents [17]. Observing the pharmacological 
activities of other monoterpenes, this study aimed to eva- 
luate the acute effect of nerol on the central nervous sys- 
tem by means of behavioral tests with animals. 

2. MATERIALS AND METHODS 

2.1. Drugs and Reagents 

Drugs used pilocarpine hydrochloride (P400), polyoxye- 
thylene-sorbitan mono (Tween 80) and nerol were pur- 
chased from Sigma Chemical Co. St. Louis, MO, (USA) 
and diazepam (DZP) from Cristália (Brazil). The dosage 

of all drugs was expressed in milligrams per kilogram of 
body weight. The agents were administered by intraperi- 
toneal route (i.p.) with a dose 0.1 ml/10g. 

2.2. Animals 

Swiss male mice Mus musculus (25 - 30 g; 2-month-old) 
were used. Animals were housed in cages with free ac- 
cess to food and water and were kept with standard light- 
dark cycle (lights on at 07:00 h a.m.). The experimental 
protocols were approved by the Faculty Ethics Commit- 
tee (number 003/11). The experiments were performed 
according to the Guide for the care and use of laboratory 
of the US Department of Health and Human Services, 
Washington, DC (1985). All doses are expressed in mil- 
ligrams per kilogram and were administrated in a volume 
of 10 ml/kg injected intraperitoneally (i.p.). 

2.3. Experimental Protocol 

The animals were divided into five groups of eight mice. 
The groups were treated (i.p.), respectively, 0.05% 
Tween 80 dissolved in 0.9% saline solution (vehicle 
group), nerol (30, 60 or 90 mg/kg) or diazepam 2 mg/kg 
(DZP group). All experiments were performed 30 min 
after the treatments described above are carried out. 

2.4. Open Field Test 

The open field test was conducted in acrylic container 
(transparent walls and black floor, 30 × 30 × 15 cm3) 
divided into nine squares of equal areas. The test is used 
to evaluate the exploratory activity of the animal [22]. 
Each mouse was placed individually in the center of the 
arena, and allowed him the freedom to explore the en- 
vironment. The parameters measured were: number of 
crossings (squares crossed with all four paws), number of 
groomings (self-cleaning) and number of rearings (act to 
cram the front legs), registered for the test period of 5 
min. 

2.5. Elevated plus Maze Test 

The elevated plus-maze used is similar to that described 
by Pellow [23] and co-workers and Lister [24], which 
was developed from a model developed by Montgomery 
[25]. The maze consists of two open arms (30 cm × 5 cm 
× 0.2 cm) and two enclosed arms (30 cm × 15 cm × 5 
cm), extended from a central platform raised to a height 
of 45 cm from the floor. The animals were individually 
placed in the center of the maze for a period of 5 min 
observation, recording the percentage of number of 
entries and time spent in open arms. 

2.6. Light/Dark Test 

The experimental procedure of the light/dark test was 
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designed by Crawley and Goddwin [26]. The test is to 
evaluate the behavior of rodents placed individually in an 
experimental box containing two compartments that vary 
the brightness of light and dark, so that transitions are 
made between the compartments measured. Each mouse 
was individually placed in the center of the illuminated 
portion facing the opening leading to the dark side of the 
box. It was observed that the time spent in each compart- 
ment for 5 minutes. 

2.7. Rota Rod Test 

The rota rod test measures ataxia or muscle relaxation 
effects of drugs produced in animals and was described 
by Dunhan and Miya [27]. For this test, each mouse was 
placed with all four feet onto a bar of 2.5 cm diameter, 
25 cm high from the floor, in a rotation of 17 rpm for a 
period of 3 minutes. The duration of permanence in the 
swivel bar, in second(s), and the number of falls, with 
three renewals at maximum was recorded. 

2.8. Statistical Analysis 

For statistical analysis, nonparametric results (percen- 
tages) were analyzed by analysis of variance (ANOVA) 
for multiple comparisons and Student-Newman-Keuls as 
post hoc test by GraphPad Prism version 3.00 for Win- 
dows, GraphPad Software, San Diego California USA. 
Copyright © 1994-1999 by GraphPad software. Diffe- 
rences were considered statistically significant from p < 
0.05. 

3. RESULTS 

3.1. Open Field Test 

The groups treated with nerol (doses of 30, 60 and 90 
mg/kg) showed significant decrease in the number of 
crossings (51.57, 66.45 and 77.42%, respectively) and 
rearings (67.89, 77.57 and 91.69%, respectively) com-
pared with vehicle group. There was a decrease of 22.84 
and 71.43%, respectively, in the groups treated with ne-
rol (doses of 60 and 90 mg/kg) as compared to group 
treated with DZP. The groups treated with nerol (doses 
of 60 and 90 mg/kg) showed decrease of 40.98 and 
43.77% in the number of groomings when compared with 
vehicle group (Figure 1). 

Experiments were described as materials and methods. 
Nerol was administered i.p. Values are mean ± S.E.M. of 
number of crosses, rearings and groomings of mice (8 
per group) used in the experiments. ap < 0.05, signifi- 
cantly different Vehicle group. bp < 0.05, significantly 
different from the Diazepam group. cp < 0.05, signifi- 
cantly different from Nerol 30 mg/kg group. dp < 0.05  
(ANOVA followed by Student-Newman-Keuls test, sig-

nificantly different from Nerol 60 mg/kg group. Drugs 
were administered 30 min before testing. 

3.2. Elevated plus Maze Test 

In this test, the number of entries into open arms (NEOA) 
was recorded. Animals treated with nerol 90 mg/kg 
showed increase of 279.19% and 157.54% in the number 
of entries in open arms compared to vehicle and DZP group, 
respectively.  

In relation to time of permanence in the open arms 
(TPOA), the groups treated with nerol 90 mg/kg showed 
an increase of 71.75% when compared with vehicle 
group (Figure 2). 

Experiments were described as materials and methods. 
Nerol was administered i.p. Values are mean ± S.E.M. 
the percentage of the number of entries into open arms 
(NEOA) and the time of permanence in open arms 
(TPOA) of mice (5 per group) used in the experiments.  
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Figure 1. Effects of nerol in mice in the open field test. 
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Figure 2. Effects of nerol in the plus maze model in mice. 
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ap < 0.05, significantly different from Vehicle group. bp 
< 0.05, significantly different from Diazepam group. cp < 
0.05, significantly different from Nerol 30 mg/kg group. 
dp < 0.05 (ANOVA followed by Student-Newman-Keuls 
test, significantly different from Nerol 60 mg/kg group. 
Drugs were administered 30 min before testing. 

3.3. Light/Dark Test 

In this test, the groups treated with nerol 60 mg/kg or 
nerol 90 mg/kg showed a significant increase of 47.60 
and 64.30%, respectively, in the time spent in the light 
compartment in relation to vehicle group (Figure 3). 

Experiments were described as materials and methods. 
Nerol was administered i.p. Values are mean ± S.E.M. of 
time spent by mice (eight per group) in the light room 
(eight per group). ap < 0.05 (ANOVA followed by Stu- 
dent-Newman-Keuls test, significantly different from 
Vehicle group. bp < 0.05 (ANOVA followed by Stu- 
dent-Newman-Keuls test, significantly different from 
Diazepam group. cp < 0.05 (ANOVA followed by Stu- 
dent-Newman-Keuls test, significantly different from 
Nerol 30 mg/kg group. dp < 0.05 (ANOVA followed by 
Student-New-man-Keuls test, significantly different from 
Nerol 60 mg/kg group. Drugs were administered 30 min 
before testing. 

3.4. Rota Rod Test 

In this test, the groups treated with nerol didn’t show sig- 
nificant difference in the time of permanence and num- 
ber of falls when compared with vehicle or DZP groups 
(Figure 4). 

Experiments were described as materials and methods. 
Nerol was administered i.p. Values are mean ± S.E.M. of 
time of permanence and number of falls of mice (eight 
per group). ap < 0.05, significantly different from Vehi- 
cle. bp < 0.05, significantly different from Diazepam 
group. cp < 0.05, significantly different from Nerol 30 
mg/kg group. dp < 0.05 (ANOVA followed by Student- 
Newman-Keuls test, significantly different from Nerol 
60 mg/kg group. Drugs were administered 30 min before 
testing.  

4. DISCUSSION 

In this study, the pharmacological effects of monoter- 
pene nerol were investigated in animal models to inves-  
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Figure 3. Effects of nerol in the light/dark test in mice.  
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Figure 4. Effects of nerol in the rota rod test in mice. 
 
tigate psychopharmacological effects of this substance 
on the CNS. The results obtained were similar to those 
observed for other monoterpenes [28-30]. Moreover, ne- 
rol does not produce twisting, tremors, seizures, stereo- 
typed behavior and catalepsy, suggesting that the effect 
isn’t possibly toxic. 

To identify possible changes resulting from admini- 
stration of the compound under study, it is necessary to 
carry out behavioral tests, such as open field, elevated 
plus maze, light-dark and rota rod tests. In these tests, it 
is possible observe behavioral changes in mice that arise 
under possible actions on the CNS of nerol in the ex- 
periments. 

In the open field test, three parameters were evaluated: 
the total number of crossings, assessing the animal’s ex- 
ploratory activity; the total number of rearings (cram the 
front legs) and total number of groomings (self-cleaning 
of the animal), which assess degree of sedation or fear 
(anxiety) and can be altered by drugs with anxioly- 
tic/anxiogenic activity [22,31]. A significant reduction of 
the functional aspects of spontaneous movement of mice 
in this test, after administration of doses of nerol, sug- 
gested a possible anxiolytic action of nerol, which cor- 
roborates the hypothesis that the nerol reduces the CNS 
activity. Similar result was reported where there was 
reduced ambulation of the animals, this being a feature 
of psychiatric drugs [32,33]. The reduction in locomotor 
activity was observed in many essential oils containing 
terpene derivatives [28] and may be due to an inhibitory 
effect of nerol on the central nervous system. We suggest 
that nerol could possess an activity or a neuro-sedative 
profile of action tending to other hypnotic drugs [34]. 

The elevated plus maze is another of the main models 
used in the study of compounds that act on the CNS. In 
previous works [25,35], there was less use of the open 
arms in relation to enclosed arms. It is hypothesized that 
the stimulation caused by the new environment produced 
reactions of a conflict between fear and curiosity, de- 
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monstrated a tendency toward behavioral approach and 
avoidance, respectively [25,35]. Initial work with an ele- 
vated plus-maze, similar to that currently exists, was de- 
veloped by Handley and Mithani [36], as a model for the 
study of anxiety. This maze, after suffering a change that 
gave the existing form today, was validated behavioral, 
physiological and pharmacologically to rats [23] and to 
mice [37]. Other studies have linked the observations 
made in this test with anxiolytic drugs [38,39]. In this 
test, nerol increased the number of entries and time spent 
in open arms. Nerol may have some activity at the cen- 
tral level, a similar result was obtained with other mono- 
terpenes such as borneol [40], isopulegol [41] and α,β- 
epoxy-carvone [42].  

In light-dark test, we found the natural aversion that 
animals have to the ambient light. This model allows us 
to assess levels of anxiety with time spent in the illumi-
nated environment. When an animal shows a decrease in 
time spent in the illuminated environment, it is said that 
this animal is with high levels of anxiety. However, the 
administration of anxiolytic drugs induce increased ac- 
tivity of the animals in the room clear [43,44]. The re- 
sults show that nerol was able to increase the residence 
time in the light room similar to other compounds iso- 
lated that had anxiolytic effect by increasing this pa- 
rameter [45,46]. Moreover, both in the acute treatment 
[47], and in chronic treatment [48], these substances 
prevented the escape latency without altering escape T- 
maze test, changing the transition between light and dark 
compartments of the light/dark test and time spent on the 
course, therefore having anxiolytic, similar behavior ado- 
pted by animals treated with nerol. 

The lack of coordination in the rota rod test is charac- 
teristic of a drug that reduces the CNS activity, such as 
neuroleptics, anxiolytics, sedatives and hypnotics [49]. 
The rotating bar is able to detect myorelaxant activity of 
test compound as well as in identifying minimal neuro- 
logical damage such as ataxia, sedation, hyperexcitability, 
and since normal animals can be kept for a long period of 
time on the swivel bar [50]. Animals treated with nerol 
didn’t modify their behavior during the test, suggesting 
no myorrelaxant activity. Aqueous extract of Orbignya 
phalerata Mart, widely used in Brazilian flok medicine, 
also did not significantly change the motor activity of 
animals when compared with the control group, up to 24 
h after administration and did not alter the remaining 
time of the animals on the rota-rod apparatus [51]. 

5. CONCLUSION 

This work evidence that nerol possesses a possible anxi- 
olytic effect in mice. The monoterpene will can be used, 
after other studies, in the treatment of anxiety, contribut- 
ing to the improvement of the harms to health of people 
in this context. 
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