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Abstract

Ocimum basilicum belongs to Lamiaceae family and has been used for the treatment of wide range of
diseases in traditional medicine in Iranian folk medicine. Due to the progressive need to anti-anxiety
medications and because of the similarity between O. basilicum and Salvia officinalis, which has anti-anxiety
effects, we decided to investigate the anxiolytic and sedative activity of hydroalcoholic extract and essential
oil of O. basilicum in mice by utilizing an elevated plus maze and locomotor activity meter. The chemical
composition of the plant essential oil was also determined. The essential oil and hydroalcoholic extract of
this plant were administered intraperitoneally to male Syrian mice at various doses (100, 150 and 200 mg/kg
of hydroalcoholic extract and 200 mg/kg of essential oil) 30 min before starting the experiment. The amount
of hydroalcoholic extract was 18.6% w/w and the essential oil was 0.34% v/w. The major components of the
essential oil were methyl chavicol (42.8%), geranial (13.0%), neral (12.2%) and B-caryophyllene (7.2%). HE
at 150 and 200 mg/kg and EO at 200 mg/kg significantly increased the time passed in open arms in
comparison to control group. This finding was not significant for the dose of 100 mg/kg of the extract. None
of the dosages had significant effect on the number of entrance to the open arms. Moreover, both the
hydroalcoholic extract and the essential oil decreased the locomotion of mice in comparison to the control
group. This study shows the anxiolytic and sedative effect of hydroalcoholic extract and essential oil of O.
basilicum. The anti-anxiety and sedative effect of essential oil was higher than the hydroalcoholic extract
with the same doses. These effects could be due to the phenol components of O. basilicum.
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INTRODUCTION

Anxiety is one of the most common health
problems in the world that result in enormous
burden on health care system (1) and reduces
quality of life (2). By the year 2020, mental
disorders are predicted to reach the second
place in the ranking of disease burden
worldwide (3). The life time prevalence of
anxiety varies from 9.2% in Korea to 28.7% in
Switzerland (4). In a mental health survey of
the adult population in Iran the prevalence of
all mental disorders in rural and urban areas
was 21.3 and 20.9% respectively. In this range
depression and anxiety are more common (5).
Anxiety is a mood disorder and patient is
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waiting for negative events in the future (6). It
cause motor and autonomic symptoms such as
muscle tension, sweating, elevated heart rate,
tremor, etc. (6,7). Patients who suffer from
anxiety will experience some other comorbid
disease such as depression, drug abuse,
asthma, cardiovascular disease (8).

There are some types of treatment for this
disorder, including cognitive behavioral therapy,
exposure therapy, anxiety management and
medications (9). Benzodiazepines are still
the main medications which are used
for the treatment of anxiety (10). Due to
the adverse side effects caused by chemical
medications such as muscle relaxation,
physical dependence, memory disturbance and
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interaction with other drugs (11), it would be a
progress in the treatment of anxiety to use
herbal medications.

In traditional medicine, plants such as
Fumeria indica (12), Azadirachta indica (13),
Gelsemium  sempervirens  (14),  Piper
methysticum, Hypericum perforatum (15),
Stachys  lavandulifolia  (16), Valeriana
officinalis (17) and Melissa officinalis (18)
have been used for the treatment of anxiety
disorder and found effective according
to evidences.

Iran has a wide range of medicinal herbs.
Ocimum basilicum is one popular edible herb
which has also a wide range of use in
traditional medicine as a treatment for anxiety,
diabetes, cardiovascular disease and headache
(19). The main components of essential oil of
this plant are geranial, neral, caryophyllene
oxide and methyl chavicol (20).

In this study, we investigated the effect of
essential oil and hydroalcoholic extract of
O. Basilicum on the elevated plus maze (EPM)
and loco-motor activity meter (LAM)
behavior on mice.

METHODS AND MATERIALS

Plant extraction and fractionation

Arial parts of O. basilicum L. cv. green
cultivated in Isfahan province was collected in
December 2013. The plant was identified at
the Botany Department of the Faculty of
Sciences, Isfahan University, and a voucher
specimen of the plant has been deposited in the
herbarium of the Faculty of Pharmacy, Isfahan
University of Medical sciences, Isfahan, Iran
(voucher specimen no. 3317).

Extract preparation

Air-dried and powdered aerial parts of O.
basilicum (350 g) were extracted at room
temperature with 3.9 L ethanol: water (7:3)
using maceration method for 24 h. After
filtration of the extract by Buchner funnel the
solvent was evaporated in a rotary evaporator
at 70 °C under reduced pressure to produce
concentrated extract which was then freeze-
dried to obtain a dry powder. Afterward
appropriate amount of the extract was diluted
with normal saline (containing 2 drops of
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Tween 80 per 10 ml) to produce the final
concentration.

Isolation of essential oil

The air-dried plant materials were
powdered and 350 g of plant materials
hydrodistilled in a Clevenger-type apparatus
for 3 h according to the method recommended
in British Pharmacopoeia (21). The volatile oil
was stored in sealed vial at 4 °C until use. The
appropriate amount of essential oil of the plant
was diluted with normal saline (containing 2
drops of Tween 80 per 10 ml) to produce the
final concentration.

Animals

Male Syrian mice (Pasture institute, Iran)
weighing 25-35 g were kept in a room with
controlled temperature of 22-25 °C and 12 h
light/dark cycle. Animals had free access to
food and water. One day prior to the
experiments mice were brought to the main
environment to acclimate. In order to avoid
diurnal cycle, all tests were carried out
between 9:00 AM to 13:00 PM. Every mice
received a single intraperitoneal (i.p.) injection
and used just for one experiment. Four
experiment groups with at least 6 mice in each
group were used for locomotor activity test
and six experiment groups with at least 6 mice
in each group were used for Elevated plus
maze. Animal experiments were approved by
the Ethics Committee of Isfahan University of
Medical Science and performed in accordance
with National Institute of Health Guide for the
Care and Use of Laboratory Animals.

Drugs

Diazepam hydrochloride was provided by
Caspian Tamin Darou (Iran) as injectable
solution in glass ampoule (10 mg/2 ml). The
content of the ampoule was emptied and
diluted with normal saline containing 0.5%
Tween 80 to an appropriate concentration. The
plant extract and essential oil were diluted
with normal saline and 0.5% Tween 80. All
solutions were prepared fresh on the day of
experiment and administered i.p. in a volume
of 0.1 ml/10 g mice body weight. Control
component was made using normal saline
containing 0.5% Tween 80.



Elevated plus maze

EPM test was used to measure the anxiolytic
activity. The maze has two open (30 x 5x 0.2
cm) and two closed (30 x 5% 15 c¢m) arms that
extend from a central platform (5 x 5 cm) and is
45 cm above the floor. The entire maze is
wooden, painted in black and thoroughly cleaned
with ethanol and allowed to dry between
subjects in order to eliminate any odor cues.

A single i.p. dose of diazepam (0.5 mg/kg),
extract at 100, 150, or 200 mg/kg, essential oil
at 200 mg/kg, or the control component was
administered to a mouse 30 min before the
onset of the test. Each mouse was used just
once and for one experiment. Experiments
were conducted in a sound proof room with
only a dim light. At the start of the test the
mouse was placed at the center of the maze
facing an open arm and during a 5 min
observation the number of entries and the time
spent in closed and open arms were recorded.
Arm entries were defined as entry of all four
paws into an arm. For each mouse the
percentage of open/closed arm entries is
determined as follows:

open

% ——— arm entries =
closed

entriestoopen/closedarms

X 100

()

totalentries
The percentage of time spent in open/closed

arm for each animal was determined as
follows:

. . open
%time spent in———arm =

closed
numberofsecondsspentinopen/closedarms

300 totalseconds (5 min observationtime)

x 100 )

Locomotor activity

In order to monitor spontaneous locomotor
activity, a rectangular dark cage with a
computerized infrared tracking device which
record two parameters of movement (time and
count) automatically during a 3 sessions of 5
min observation (total 15 min) were used. The
Multiplication of time (s) by number of
movement was taken as total locomotor
activity count. The unit for the movement
count is based on the number of beam breaks
and the unit for movement time is the total
time of beam breaks by mouse. Each mouse
was injected with a single dose of diazepam
(0.5 mg/kg), control component, essential oil
(150 and 200 mg/kg) or extract (150 mg/kg)
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30 min before the onset of test. After each test
the cage was cleaned with ethanol in order to
avoid any odor cues.

Statistics

Sigma plot (for windows Version 12.3,
Build 12.3.0.36, Germany) was used for the
analysis of the data. One way analysis of
variance (ANOVA) with Duncan’s post-hoc
test was used and the significant level was
assumed as P<0.05.

RESULTS

Pharmacognostic results

In this study the extract and essential oil of
O. basilicum were prepared. The amount of
extract was 18.6% w/w and the essential oil
was 0.34% v/w.

Gas chromatography-mass
analysis

The aerial parts of O. basilicum yielded a
0.34% yellowish essential oil. Table 1 shows
identified components of the oil with their
percentages according to their elution on HP-
SMS column.

spectrometry

Elevated plus maze

In the elevated plus maze 0.5 mg/kg
diazepam  significantly  increased  the
percentage of time spent and the number of
entries to the open arm (P<0.001 and P<0.05,
respectively) (Fig. 1). In order to find the
optimum dose of hydroalcoholic extract, three
different doses of the extract including 100,
150 and 200 mg/kg were administered. As
shown in Fig. 1 the time spent in open arm
was significantly increased at 200 and 150
mg/kg (P<0.05). No significant effect was
observed at 100 mg/kg dose (P=0.93). None of
the three dosage of the injected to animals had
significant effect on the number of entries to
open arms. Although administration of 200
mg/kg essential oil in comparison with the
control solution increased the percentage of
the number of open arm entries by 14.2%, but
it was not reach to a statistically significant
level. The time spent in open arms, however,
was significantly increased by 75.8% in
comparison to the control group (P<0.001)

(Fig. 2).
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Locomotor activity dosage was utilized which caused a decline in

In this experiment, 0.5 mg/kg diazepam motor activity of the animal in comparison to
decreased the locomotor activity significantly control group (P<0.05). The essential oil at
as compared to the control group (P<0.001). dose of 200 mg/kg decreased the motor
As the optimum dose of the extract was found activity of the animals compared to control

to be 150 mg/kg, in this test this particular group (P<0.001) (Fig. 3).

Tablel. Percentage composition of the essential oil of aerial parts of Ocimum basilicum L.

NO RT Compound % RI

1 2.58 3-hexen-1-ol 0.2 851

2 3.63 o-thujene t 927
3 3.71 a-pinene 0.3 936
4 4.62 1-octen-3-ol t 979
5 4.81 6-methyl-5-hepten-2-one 3.6 987
6 4.87 myrcene 0.1 990
7 5.78 limonene 1.1 1031
8 5.81 1,8-cineole 0.3 1032
9 6.16 benzeneacetaldehyde 0.4 1043
10 6.22 trans-B-ocimene 0.2 1049
11 6.49 y-terpinene t 1059
12 7.33 fenchone 2.0 1089
13 7.65 linalool 0.4 1099
14 8.04 fenchol 0.7 1115
15 8.95 champhor 0.7 1146
16 10.95 methyl chavicol 42.8 1199
17 11.50 fenchyl acetate t 1224
18 11.68 nerol t 1234
19 12.24 neral 12.2 1243
20 12.48 geraniol t 1258
21 13.20 geranial 13.0 1273
22 13.50 trans-anethole t 1289
23 14.57 methyl geraniate t 1325
24 15.29 o-cubebene t 1349
25 15.56 eugenol 0.1 1358
26 16.06 o.-copaene 0.1 1374
27 16.34 trans-methyl cinnamate t 1382
28 16.50 -cubebene 2.3 1387
29 17.12 methyl eugenol 1.5 1406
30 17.47 B-caryophyllene 79 1418
31 17.91 trans-o-bergamotene 0.5 1434
32 18.48 o-humulene 3.1 1453
33 18.59 trans-p-farnesene t 1456
34 19.30 germacrene-D 3.1 1481
35 21.13 trans-y-bisabolene 2.8 1536
36 22.19 caryophyllene oxide 0.1 1578
37 23.83 epi-a-cadinol 0.1 1636
38 37.93 phytol acetate t 2220

t; trace (<0.05%)
RI; Retention indices on HP-5MS capillary column
Percentages calculated from TIC data.
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Fig. 1. Effects of diazepam, control, and different doses of Ocimum basilicum and hydroalcoholic extract on A; the
percentage of entries into the open arms and B; on the percentage of time mice spent in the open arms during a 5 min
test. Various doses of the plant’s hydroalcoholic extract, diazepam, or control were injected 30 min prior to testing.
Data are presented as mean values £ SEM for each group of at least 6 mice. *P<0.05 compared to control group.
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Fig. 2. The effects of diazepam, control and Ocimum basilicam essential oil on A; the percentage of entries into the
open arms and B; on the percentage of time mice spent in the open arms during a 5 min test. The plant’s essential oil,
diazepam, or control was injected 30 min prior to testing. Data are presented as mean values £ SEM for each group of at

least 6 mice.*P<0.05 compared to control group. **P<0.001 compared to control group.
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Fig. 3. The effects of diazepam, control, and Ocimum basilicum A; hydroalcoholic extract on spontaneous locomotor
activity during three 5-min intervals, B; essential oil on spontaneous locomotor activity during three 5-min intervals, C;
hydroalcoholic extract on spontaneous locomotor activity during the total 15 min of testing and D; essential oil on
spontaneous locomotor activity during the total 15 min of testing. The locomotor activity counts (mean + SEM) were
measured over a 15 min period beginning 30 min after the administration of control, diazepam, plant essential oil or
hydroalcoholic extract. Data are presented as mean = SEM for each group of 6 mice. *P<0.05 compared to control
group. ¥**P<0.001 compared to control group.

DISCUSSION According to the results of GC/MS
analysis, O. basilicum essential oil contained
Anxiety is an important health problem about 38 compounds and the main components
which may lead to low quality of the life (2). were methyl chavicol (42.8%), geranial
There are many medical and nonmedical (13.0%), neral (12.2%) and B caryophyllene
therapies available for anxiety such as (7.2%). The difference between this
antidepressants, benzodiazepines, buspirone percentages and previous study could be
and cognitive behavior therapies (9,22). But related to the climatic factor that could affect
the adverse effects of these medications may plant growth or plant collecting (20).
lead to the poor compliance of the patients In EPM model, based on previous studies,
especially older adults (10). The aim of this diazepam as an anxiolytic agent increases the
study was to investigate the anxiolytic time spent and numbers of entries to the open
effect of O. basilicum essential oil and arm (11,23). In our study diazepam increased
hydroalcoholic extract using mice models the time spent in the open arms (P<0.001) as
of anxiety. well as the number of entries (P<0.050). As a
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result diazepam as a benzodiazepine drug
increased the percentage of open arm time and
entries into the open arms significantly. These
observations are consistent with the results of
previous studies, which have shown that
diazepam like other benzodiazepines exert
anxiolytic effects in a variety of anxiolytic
screening tests, including EPM (22-27), but
due to the differences amongst animal species
it could be difference in effective doses (28).

Doses of 150 and 200 mg/kg of the HE
showed similar results to diazepam. They
increased the time significantly (P<0.05), but
not the number of entries to the open arm. The
result of 100 mg/kg extract was not
statistically significant either. As a result the
optimum dose of extract was determined to be
equal to 150 mgkg. EO of was another
component of O. basilicum which was studied
in the current work. In comparison to the
negative control solution, essential oil did not
increase the number of entries while the time
spent in the open arms was no significantly
increased.

In this model, both measures including time
spent in open arms and the number of entries
is important. O. Basilicum was shown to
increase the time spent on open arms without
affecting the number of entries. The lack of
changes in the number of entries to the open
arms by O. basilicum could not be due to the
sedative effect of O. basilicum, as shown in
LAM test, the extract and the essential oil did
not affect the LA to the extent observed by
diazepam.

Diazepam is positive allosteric modulators
of the gamma-aminobutyric acid (GABA) type
A (29). Since O. basilicum, unlike diazepam,
did not increase open arm entries significantly,
it seems that O. basilicum has a different
mechanism. In other hand, buspirone is
antianxiety drug that commonly used for
treating anxiety disorder (29,30). Buspirone
functions as a serotonin 5-HTI1A receptor
partial agonist (31). It is not clear which of the
mentioned  mechanisms  explains  the
antianxiety effect of O. basilicum; further
studies are required to elucidate the exact
underlying mechanism.

Another animal model which was used in
this study is locomotor activity model. Both
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the plant hydroalcoholic extract (150 mg/kg)
and essential oil (200 mg/kg) significantly
decreased the spontaneous locomotor activity
of the mice. This reduction in locomotor
activity could either be due to the plant’s effect
on the central nervous system or a direct effect
on the periphery. Diazepam decreased
spontaneous locomotor activity to a greater
extent than plant's extract or essential oil and
that difference show that diazepam is more
sedative than hydroalcoholic extract and
essential oil of O. basilicum. Further studies
are needed to determine the exact mechanism
for the sedative action of this plant.

Based on previous studies, some of the
plant's EO components have anxiolytic and
sedative effects such as; 1,8-cineole, linalool,
a-pinene, B-caryophyllene, humulene, citral,
myrcene, limonene and methyl chavicol (32-
35), as well as some of the plant's
hydroalcoholic components such as malic acid,
caffeic acid, kaempferol and Oleanolic acid
(36-39). These studies could verify our result
but to find the exact components responsible
for the anxiolytic and sedative effects, further
experiments and studies are warranted.

CONCLUSION

In conclusion, this study determined the
anti-anxiety effects of hydroalcoholic extract
and essential oil of O. basilicum and did not
cause sedation to the extent observed with
diazepam. The anti-anxiety effect of extract at
200 mg/kg was similar to diazepam. The dose
of 150 mg/kg extract was determined as the
least effective dose. The sedative effect of
essential oil was higher than that of the extract.
These effects could be due to phenol and
terpenoid components of O. basilicum but
more tests and studies are required to clarify
the exact mechanism and exact effective
components.
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