
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=iphb20

Download by: [Univ Nac De Cordoba], [Soledad Gaston] Date: 25 February 2016, At: 12:00

Pharmaceutical Biology

ISSN: 1388-0209 (Print) 1744-5116 (Online) Journal homepage: http://www.tandfonline.com/loi/iphb20

Sedative effect of central administration of
Coriandrum sativum essential oil and its major
component linalool in neonatal chicks

María Soledad Gastón, Mariana Paula Cid, Ana María Vázquez, María
Florencia Decarlini, Gabriela I. Demmel, Laura I. Rossi, Mario Leandro Aimar
& Nancy Alicia Salvatierra

To cite this article: María Soledad Gastón, Mariana Paula Cid, Ana María Vázquez, María
Florencia Decarlini, Gabriela I. Demmel, Laura I. Rossi, Mario Leandro Aimar & Nancy Alicia
Salvatierra (2016): Sedative effect of central administration of Coriandrum sativum essential
oil and its major component linalool in neonatal chicks, Pharmaceutical Biology, DOI:
10.3109/13880209.2015.1137602

To link to this article:  http://dx.doi.org/10.3109/13880209.2015.1137602

Published online: 25 Feb 2016.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=iphb20
http://www.tandfonline.com/loi/iphb20
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/13880209.2015.1137602
http://dx.doi.org/10.3109/13880209.2015.1137602
http://www.tandfonline.com/action/authorSubmission?journalCode=iphb20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=iphb20&page=instructions
http://www.tandfonline.com/doi/mlt/10.3109/13880209.2015.1137602
http://www.tandfonline.com/doi/mlt/10.3109/13880209.2015.1137602
http://crossmark.crossref.org/dialog/?doi=10.3109/13880209.2015.1137602&domain=pdf&date_stamp=2016-02-25
http://crossmark.crossref.org/dialog/?doi=10.3109/13880209.2015.1137602&domain=pdf&date_stamp=2016-02-25


PHARMACEUTICAL BIOLOGY, 2016
http://dx.doi.org/10.3109/13880209.2015.1137602

RESEARCH ARTICLE

Sedative effect of central administration of Coriandrum sativum essential oil
and its major component linalool in neonatal chicks

Marı́a Soledad Gastóna, Mariana Paula Cida, Ana Marı́a Vázquezb, Marı́a Florencia Decarlinib, Gabriela
I. Demmelb, Laura I. Rossic, Mario Leandro Aimard and Nancy Alicia Salvatierraa

aDepartamento De Quı́mica, Facultad De Ciencias Exactas, Fı́sicas Y Naturales, Universidad Nacional De Córdoba. Instituto De
Investigaciones Biológicas Y Tecnológicas, IIByT (CONICET – UNC), Córdoba, Argentina; bLaboratorio De Tecnologı́a Quı́mica, Facultad De
Ciencias Quı́micas, Universidad Católica De Córdoba, Córdoba, Argentina; cDepartamento De Quı́mica Orgánica, Facultad De Ciencias
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ABSTRACT
Context Coriandrum sativum L. (Apiaceae) (coriander) is an herb grown throughout the world as a
culinary, medicinal or essential crop. In traditional medicine, it is used for the relief of anxiety and
insomnia. Systemic hydro-alcoholic and aqueous extract from aerial parts and seeds had anxiolytic
and sedative action in rodents, but little is known about its central effect in chicks.
Objective To study the effects of intracerebroventricular administration of essential oil from
coriander seeds and its major component linalool on locomotor activity and emotionality of
neonatal chicks.
Materials and methods The chemical composition of coriander essential oil was determined by a
gas-chromatographic analysis (480% linalool). Behavioural effects of central administration of
coriander oil and linalool (both at doses of 0.86, 8.6 and 86 mg/chick) versus saline and a sedative
diazepam dose (17.5 mg/chick, standard drug) in an open field test for 10 min were observed.
Results Doses of 8.6 and 86mg from coriander oil and linalool significantly decreased (p50.05)
squares crossed number, attempted escapes, defecation number and distress calls, and significantly
increased (p50.05) the sleeping posture on an open field compared with saline and were similar to
the diazepam group.
Discussion and conclusion The results indicate that intracerebroventricular injection of essential
oil from Coriandrum sativum seeds induced a sedative effect at 8.6 and 86 mg doses. This effect may
be due to monoterpene linalool, which also induced a similar sedative effect, and, therefore, could
be considered as a potential therapeutic agent similar to diazepam.
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Introduction

Coriander [Coriandrum sativum L. (Apiceae)] is an
herbal plant grown throughout the world as a culinary,
medicinal or essential oil crop. All parts of this herb are
in use as flavouring agents and/or as traditional remedies
for the treatment of different disorders in the folk
medicine systems (Sahib et al. 2013; Zheljazkov et al.
2014). In Persian traditional medicine, it has been used
for the relief of anxiety and insomnia, the powdered
dried seeds of coriander are given in a formulation to the
treatment of children with frightening during sleep and
awakening (Ahmad 2013). Similar uses of coriander seed
have been indicated in other folk medicines as well
(Duke et al. 2002).

Coriander essential oil (CEO), a very complex natural
mixture of concentrated volatile compounds from

aromatic plants, is extracted from coriander seeds
(fruits), although the whole plant also contains other
volatile oils (Zheljazkov et al. 2014). It is widely used in
baked foods, condiments, and as a fundamental ingre-
dient in curry mixes, creams, detergents, lotions and
perfumes (Burdock & Carabin 2009; Sahib et al. 2013). It
has also been demonstrated that coriander leaves and
seeds, their extracts and essential oils show antimicrobial,
antioxidant and anti-diabetic activities (Sahib et al.
2013). Besides, coriander and its oil have a long history
in dietary use, with no record of harm caused by
consumption of these ingredients. Therefore, the use of
coriander oil is considered safe (Burdock & Carabin
2009).

Pharmacological studies have demonstrated that
hydro-alcoholic extract prepared from coriander aerial
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parts significantly prolonged sleep duration without
major neurotoxic effect (Rakhshandeh et al. 2012) and
exerted an anti-anxiety effect observed in an elevated
plus maze and open field (OF) test in mice (Harsha &
Anilakumar 2012). Furthermore, different doses from
aqueous extract of coriander seed systemically adminis-
tered had anxiolytic action in mice (Pathan et al. 2011;
Ravindran et al. 2014), and caused a dose-dependent
reduction on spontaneous activity, indicating that it may
have a sedative effect. Additionally, Emamghoreishi and
Heidari-Hamedani (2006) observed that intraperitoneal
administration (i.p.) of the aqueous and hydro-alcoholic
extracts from seed and CEO increased pentobarbital-
induced sleeping time showing a sedative hypnotic
activity in mice.

On one hand, it has been reported that the major
component of CEO is the monoterpene linalool
(Zheljazkov et al. 2014). Psychopharmacological evalu-
ations of linalool inhalation (Linck et al. 2009) or
intraperitoneal and intracerebroventricular (i.c.v.)
administration (Elisabetsky et al. 1999) showed sedative
and anticonvulsant properties in glutamate-related seiz-
ure models. On the other hand, it has been observed that
linalool i.p. did not produced anxiolysis but modulated
motor movements and locomotion (Cline et al. 2008).
Thus, pharmacological effects of CEO may be due to the
phytocomponent linalool.

In chicks, there are no published reports about the
effect of coriander oil or linalool on anxiety-like
behaviour, but when were included as dietary supple-
ments it enhanced the performance and health status of
broiler (Abou-Elkhair et al. 2014; Beier et al. 2014).
Furthermore, little is known about central action of CEO
and linalool. In the present study, we investigated the
effects of i.c.v. administration of CEO, on locomotor
activity and emotionality of neonatal chicks on an OF
test. Additionally, we evaluated whether these behaviours
are caused by the major component of the essential oil,
the monoterpene linalool.

Materials and methods

Plant material

Mature seeds of Coriandrum sativum L. (Apiaceae)
(coriander) were provided in December 2013 by a local
producer from a commercial source in Córdoba,
Argentina. They were stored in a plastic bag in a cool,
dry area and protected from direct light until use. The
plant material was identified and authenticated by Mr. G.
M. Ruiz (Agr.), Director of Marcelino Sayago Herbarium
of Facultad de Ciencias Agropecuarias, Universidad
Católica de Córdoba, Córdoba, Argentina. A voucher

specimen with reference number UCCOR 422 was
deposited in the institutional herbarium.

Obtainment of the coriander essential oil

Mature seeds of coriander were weighed and each 150 g
of the plant material was ground in a coffee grinder and
immediately later were hydrodistilled for 3 h using a
Clevenger-like apparatus. The CEO layer was separated
from the aqueous distillate, dried over anhydrous MgSO4

and filtered to obtain 3.0 mL of pure essential oil (a yield
of 2.0% v/w). The CEO was stored at�20 �C until
analyzed.

Determination of the chemical composition of the

coriander essential oil

Determination of chemical composition of CEO was
carried out using established procedures (NIST National
Institute of Standards and Technology, 2012; Pherobase,
2012). CEO (50 mL) was dissolved in 1 mL of chloroform
and 1 mL of this solution was analyzed by GC-FID and
GC-MS. The analyses were performed using a gas
chromatograph HP 5890 Series II equipped with a
manual injection port operating in a splitless mode and
coupled to an HP 5970 Mass Detector. The column used
was an HP-5 capillary column (30 m, 0.25 mm ID and
0.25 mm coating thickness). The analytical conditions
were the following: injector: 225 �C, initial temperature:
40 �C; final temperature: 130 �C (5 min); heating rate:
2 �C/min; interface: 230 �C, gas carrier: He 99.99%; head
pressure: 5 psi. The mass spectrometer was operated at
70 eV and the spectra were recorded in the range of m/z
50–550 amu in the acquisition mode ‘‘scan-full.’’ The
data processing system used was the HP-MS
ChemStation (Agilent Technologies, Santa Clara, CA)
including database Wiley 275 and NIST. The volatile
components were identified by comparing their mass
spectra with library data (match� 90) and by the
determination of the respective Kovat’s retention indices,
(alkanes standards provided by Sigma-Aldrich SA,
Buenos Aires, Argentina). The retention indices were
compared with those reported in the NIST 2012 database
and Pherobase 2012 (Agilent Technologies, Santa Clara,
CA). The identity of the major component (Linalool)
was additionally confirmed by co-elution with a standard
sample (Sigma-Aldrich SA, Buenos Aires, Argentina).
For the quantification of individual components, the
CEO was analyzed using a Shimadzu GC-14B gas
chromatograph (Shimadzu Corporation, Kyoto, Japan)
equipped with a flame ionization detector (GC-FID), and
a capillary column ZB-5 (30 m, 0.32 mm i.d. and 0.25 mm
thick coat) was used for the separation of individual

2 M. S. GASTÓN ET AL.
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components. Nitrogen was employed as the carrier gas
with a head pressure of 25 kPa. The temperature
program was 40–130 �C at 2 �C/min, and a final hold
time of 5 min, with the injector and detector being
maintained at 225 �C. The sample (1 mL) was injected
with a 1:100 split ratio and the quantitative composition
was obtained by peak area normalization, with the
response factor for each component being considered to
equal one.

Animals

Day old meat-type chicks (Cobb) of both sexes were
obtained immediately after hatching from a commercial
hatchery INDACOR (Argentina) when they were only a
few hours old. They were housed in a white wooden box
(90� 40� 60 cm) before performing the OF test. This
box was illuminated with an incandescent lamp hanging
just above it and kept in a small room (3� 3 m) at
controlled temperature (30–32 �C) in a 12–12 h
dark–light cycle (lights on at 7 am). Tap water and
food were freely available. Daily food replenishment
(Cargill, broiler BB, and 20% minimum crude protein
12.34 MJ/kg) and maintenance were performed at 13 pm.

All procedures were conducted in accordance with the
NIH Guide for the Care and Use of Laboratory Animals,
and efforts were made to minimize animal suffering and
to reduce the number of animals used.

Drugs and injections

Coriander oil and linalool (Sigma, St. Louis, MO) were
diluted in 0.85% saline with 2% Tween 80 (v/v) (Sigma,
St. Louis, MO) at doses of 0.86, 8.6 and 86 mg/chick. The
different doses of coriander oil and linalool were
prepared at the test day and immediately later were
injected. These doses used produced no death of the
birds. The control group received 0.85% saline with 2%
Tween 80 (v/v) at the same volume as the treated groups.
Diazepam (Sigma Chemical Co, St. Louis, MO), GABAA/
benzodiazepine agonist, was used as a standard drug
(positive control) and was also dissolved in 0.85% saline
with 2% Tween 80 (v/v) and administered at a sedative
dose of 17.5 mg/chick. The diazepam dose used in this
study was determined in a separated experiment (data
not shown). Intracerebroventricular injections were
given freehand at a volume of 10ml using a Hamilton
syringe (Andrew 1991; Johnston et al. 1999). The depth
of the injection was 2.5 mm, controlled by using a plastic
sleeve on a 27-gauge needle (Kuenzel & Masson 1988).
The needle was left inside during a period of 5 s in order
to avoid reflux of the solution as well as any possible
bleeding through the drilling of the epithelium and

meningeal. As the chicks have soft unossified skulls, this
procedure did not require an anaesthetic and could be
routinely performed without any administration of
analgesics (Andrew 1991). The i.c.v. administration
have the advantages that allow dissociation of CNS
effects from potentially confounding effects of system-
ically produced metabolites and is an ideal investiga-
tional route for in vivo brain effects, both desired and
undesired (Kuo & Smith 2014).

Experimental design

Chicks of 4–6 d old were used in the experiments. In the
experiment 1, chicks were individually gently captured
and placed in a cardboard box before being taken to a
separate room where injected i.c.v. with saline (n¼ 15),
diazepam (n¼ 14) and CEO at doses of 0.86 mg (n¼ 16),
8.6mg (n¼ 14) and 86mg (n¼ 16), immediately then
were exposed to OF during 10 min. In the experiment 2,
chicks were individually gently captured and placed in a
cardboard box before being taken to a separate room
where injected i.c.v. with saline (n¼ 15), diazepam
(n¼ 14) and linalool at doses of 0.86 mg (n¼ 15),
8.6mg (n¼ 14) and 86mg (n¼ 13), immediately then
were exposed to OF during 10 min.

Open field (OF) test

The OF test has been extensively validated in the
detection of anxiolytic and sedative agents such as
benzodiazepines (Marin et al. 1997; Salvatierra & Arce
2001). Immediately after treatments, chicks were placed
in the centre of a 60� 60 cm OF apparatus with sides
30 cm high. This OF was made of white wood and the
floor was marked off into 25 squares of 12� 12 cm each,
illuminated by a 100 W overhead bulb (Gallup & Suarez
1980). Chicks were individually monitored for 10 min
and the following behavioural parameters were regis-
tered: number of squares crossed and attempt to escape
(both indexes of ambulatory activity), number of defe-
cations, time spent in sitting motionless with head
drooped (sleeping posture) and number of vocalizations
(distress calls) (Gallup & Suarez 1980; van Luijtelaar
et al. 1987). A digital camera suspended 1.5 m above the
centre of the apparatus recorded spontaneous activity.
Distress calls were simultaneously recorded for 10 min
and were counted using a computer with Audacity
software (Audacity, San Antonio, TX). Immediately
later, the birds were decapitated and their brains were
removed and inspected in order to control the accuracy
of the placement of the injection. After testing, the floor
of the OF apparatus was cleaned with towels wetted with
70% ethanol. The forebrain hemispheres, such as the

PHARMACEUTICAL BIOLOGY 3

D
ow

nl
oa

de
d 

by
 [

U
ni

v 
N

ac
 D

e 
C

or
do

ba
],

 [
So

le
da

d 
G

as
to

n]
 a

t 1
2:

00
 2

5 
Fe

br
ua

ry
 2

01
6 



telencephalic structures, are neurochemically and func-
tionally comparable with the mammalian neocortex,
claustrum and pallial amygdala, in addition to other
pallial areas such as the hippocampus (Reiner et al.
2004).

Statistical analysis

Data from OF behaviours assumed a non-normal
distribution and were analyzed using the Kruskal–
Wallis non-parametric tests. Whenever the test indicated
significant effects (p50.05), a pairwise comparison
(Dunńs pos hoc test) was carried out. The experimental
data were expressed as the median (interquartile range).

Results

Determination of the chemical composition of

coriander essential oil

The analysis by GC-FID and GC-MS showed that
linalool is the major component present in the CEO and
this compound represents more than 81% of total. All
other compounds were found at appreciable amounts
(41%), for example: g-terpinene (5.7%), a-pinene
(5.5%) and camphor (3.1%). The rest of the components
were present at amounts ranging from 0.79% (o-cimene)
to 0.18% (dodecane). These results are summarized in
Table 1 and Figure 1.

Effects of coriander essential oil

intracerebroventricular administration

on the open field behaviour

The Kruskal–Wallis test showed a significant effect of
CEO on the number of squares crossed (H¼ 44.08,
p50.0001), attempt to escape (H¼ 44.95, p50.0001),
number of defecations (H¼ 27.3, p50.001) and sleeping
posture (H¼ 44.24, p50.0001). Dunn’s post hoc test
revealed that CEO at doses of 8.6 and 86mg significantly
decreased the squares crossed number (p50.001),
attempt to escape (p50.001) and the number of
defecations (p50.05) with respect to the saline group,
and was similar to the diazepam group. Also, Dunn’s
post hoc test revealed that CEO at dose of 86 mg
significantly increased the sleeping posture with respect
to saline (p50.001), and was similar to sedative
diazepam dose (Table 2). The Kruskal–Wallis test also
showed a significant effect of CEO doses on the distress
calls (H¼ 40.18, p50.0001). Dunn’s post hoc test
revealed that larger CEO doses (8.6 and 86mg) signifi-
cantly decreased the number of vocalizations (p50.001)
with respect to saline, and were similar to sedative

diazepam dose (Figure 2). All the above suggest that
CEO induced a sedative behaviour similar to induced it
by sedative diazepam dose.

Effects of linalool intracerebroventricular

administration on the open field behaviour

The Kruskal–Wallis test showed a significant effect of
linalool on the number of squares crossed (H¼ 40.44,
p50.0001), attempt to escape (H¼ 43.23, p50.0001),
number of defecations (H¼ 27.52, p50.01) and sleeping
posture (H¼ 34.58, p50.0001). Dunn’s post hoc test
revealed that linalool at doses of 8.6 and 86mg signifi-
cantly decreased the squares crossed number (p50.001),
attempt to escape (p50.001) and number of defecations
(p50.01) with respect to the saline group and it had
similar values to the diazepam group. Furthermore, these
doses significantly increased the sleeping posture
(p50.01) with respect to the saline group and it had
similar values to sedative diazepam dose (Table 3). The
Kruskal–Wallis test also showed a significant effect of
linalool on the distress calls (H¼ 37.65, p50.0001).
Dunn’s post hoc test revealed that linalool at doses of 8.6
and 86mg significantly decreased the number of vocaliza-
tions (p50.001) with respect to the saline group and it
had similar values to sedative diazepam dose (Figure 3).
All the above suggest that linalool induced a sedative
behaviour similar to induced it by sedative diazepam dose.

Discussion

In the present study, we showed for the first time that
i.c.v. administration of the essential oil from Coriandrum
sativum seeds induced a sedative behaviour in neonatal
chicks, and this effect may be due to its major
constituent, linalool.

Table 1. Composition of coriander seed essential oil (CEO).

Peak Rta (min) Compound KIeb KIrc %d
CEO

(ml/mL)

1 10.91 �-Pinene 931 931 5.5 ± 0,4 55
2 11.66 Camphene 944 944 0.43 ± 0.02 4.3
3 13.27 �-Pinene 973 969 0.41 ± 0.05 4.1
4 14.36 Myrcene 992 993 0.58 ± 0.05 5.8
5 16.35 o-Cimene 1023 1022 0.79 ± 0.02 7.9
6 16.58 Limonene 1027 1025 0.7 ± 0.1 7
7 18.64 �-Terpinene 1057 1056 5.7 ± 0.1 57
8 21.73 Linalool 1103 1101 81.7 ± 0.9 817
9 24.37 Camphor 1141 1143 3.1 ± 0.4 31
10 28.65 Dodecane 1201 1200 0.18 ± 0.02 1.8
11 41.33 Geranyl-acetate 1387 1383 0.68 ± 0.08 6.8
12 42.28 Tetradecane 1401 1400 0.34 ± 0.02 3.4

aRetention time in minutes (GC-MS analysis).
bExperimental Kovat’s retention index.
cReference Kovat’s retention index.
dRelative percentage ± standard deviation determined on triplicate analysis

in GC-FID analyses.
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In chicks, social separation produces a behavioural
pattern associated with isolation stress, which induces an
increase in movements and distress vocalizations for re-
establishing social contact (Gallup & Suarez 1980). Thus,
a higher number of squares crossed and a higher number
of escape attempts can be regarded as socially motivated
behaviour patterns that increase the likelihood of the
isolated chick reinstating social contact (Gallup & Suarez
1980). It has been suggested that the suppression of the
exploratory behaviour would indicate a CNS depressant
activity (File & Wardill 1975). In relation to this, van
Luijtelaar (1987) observed that an increase in sitting
motionless with head-dipping (sleeping posture) is
related to an increased state of sedation in hens.

In addition, defecation may be used as an index of
emotionality in animals; a rise in the number of
defecations is related to a higher emotionality and the
administration of anxiolytic drugs can reduce it (Angrini
et al. 1998). Furthermore, it has been observed that
several anxiolytic benzodiazepines reduced distress
vocalizations (Watson et al. 1999). According to this, it
has been shown that systemic administration of high
doses of diazepam decreased the locomotor activity and
the number of defecations (Marin et al. 1997) also
increased the sleeping posture and decreased
the distress calls, suggesting a sedative effect (Mousa &

Mohammad 2012). In this study, we observed that
central administration of diazepam at dose of 17.5 mg
significantly decreased the number of squares crossed,
the escape attempts, the number of defecations and the
distress calls and induced a significant rise on the time
spent in sleeping posture with respect to the saline group,
validating use of diazepam as a standard sedative drug.

Figure 1. Chromatogram of coriander seed essential oil. Peak number indicates different compounds (Table 1).

Figure 2. Effect of i.c.v. administration of CEO on the number of
vocalizations on OF in 4–6-d-old chicks. Bars represent median
(interquartile range). *p50.05 compared with saline (Dunn’s
post hoc test).

Table 2. Effect of i.c.v. CEO injection on the behavioural patterns of chicks exposed to OF test for 10 min.
Saline (n¼ 15) Diazepam (n¼ 14) CEO 0.86 (n¼ 16) CEO 8.6 (n¼ 14) CEO 86 (n¼ 16)

Number of squares crossed 154 (100–226) 3 (0–16.5)* 107.5 (14.5–146.5) 7.5 (4–15.5)* 5.5 (1–12)*
Attempt to escape 8 (4–12) 0 (0–0)* 5 (0–12) 0 (0–0)* 0 (0–0)*
Number of defecations 2 (1–2) 0 (0–1)* 2 (1–2.5) 1 (0–1)* 1 (0–1)*
Sleeping posture (s) 0 (0–0) 160 (64–223)* 0 (0–41) 35 (0–133.5) 140.5 (99.5–188)*

Values are expressed as median (interquartile range).
*p50.05 significantly different from saline and CEO 0.86 groups (Dunn’s post hoc test).
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In the present work, CEO centrally injected showed
sedative effects similar to diazepam. Only at 8.6 and
86mg, doses significantly decreased the number of
squares crossed, the escape attempts and the number
of defecations, and significantly increased the sleeping
posture with respect to the saline group. In addition,
these doses induced a significant decrease on the number
of vocalizations, suggesting that CEO exerted a sedative
action in neonatal chicks. There are no reports about a
central effect of CEO. However, some studies revealed
that i.p. or oral administration of aqueous or alcoholic
coriander extracts and CEO have anxiolytic effect and
may have potential sedative effect in mice exposed to
elevated plus-maze or dark/light arena (Emamghoreishi
et al. 2005; Emamghoreishi & Heidari-Hamedani 2006;
Pathan et al. 2011; Ravindran et al. 2014). Interaction
among the various substances of an essential oil can
modify the pharmacodynamic and pharmacokinetic
properties of each one; nevertheless, studying the isolated
components is helpful for a comprehensive understand-
ing of the basis of essential oil physiological and
psychopharmacological effects (Linck et al. 2009). In
the present study, according to GC-FIS and GC-MS
analyses of CEO, we identified that the major component
was the monoterpene linalool (81.7%), addition to
various constituents in minor quantity as g-terpinene,
a-pinene and camphor (3–6%), among others.

These results were consistent with similar values
reported by Gil et al. (2002) for CEO obtained from
seeds of varieties grown in our country. The yield of
coriander seed essential oil obtained by hydrodistillation
is 0.1–5.2% being mostly linalool (65–83%). The main
difference reported among coriander oils was due to the
presence and amount of the minor components, which
may be affected by several environmental factors such as
the climatic conditions and the geographic position of
the growth region (Zheljazkov et al. 2008; Msaada et al.
2009; Orav et al. 2011). These factors also may affect the
yield of coriander seed essential oil (Laribi et al. 2015).

After evaluating the CEO action, we focused on the
investigation of the effect of central administration of
linalool. Linalool at 8.6 and 86 mg doses significantly
decreased the number of squares crossed, the escape
attempts and the number of defecations, and induced a
significant increase the sleeping posture with respect
to the saline group. The number of distress vocalizations
elicited by 8.6 and 86mg doses of linalool was signifi-
cantly lower than the saline group. These results
suggest that linalool had a dose-dependent sedative
effect in neonatal chicks as observed for CEO (8.6
and 86mg) and diazepam (17.5mg). It has been
reported that i.p administration or inhalation of linalool
had a sedative effect in rodents and humans (Kuroda
et al. 2005; Linck et al. 2009), however, until now, there
are no reports with similar behavioural effects in avian
species.

On one hand, the mechanism of CEO and linalool
sedation has not been extensively studied. Cline et al.
(2008) reported that linalool may modulate motor
movements and locomotion but not via g-aminobutyric
acid type A (GABAA) receptor. On the other hand, in
vitro assays demonstrated that linalool acts as a
competitive antagonist of ionotropic receptors of the
type N-methyl-D-aspartate (NMDA) and inhibits glu-
tamate release (Elisabetsky et al. 1999), compatible with
and relevant to the sedative effects observed, whether
inhaled or otherwise administered (Linck et al. 2009).
Additional studies should be performed to determine the
site of central action of CEO and linalool, and under-
stand the molecular mechanisms involved for future
clinical applications.

Figure 3. Effect of i.c.v. administration of linalool on the number
of vocalizations on OF in 4–6-d-old chicks. Bars represent
median (interquartile range). *p50.05 compared with saline
(Dunn’s post hoc test).

Table 3. Effect of i.c.v. linalool injection on behavioural patterns of chicks exposed to OF test for 10 min.
Saline (n¼ 15) Diazepam (n¼ 14) Linalool 0.86 (n¼ 15) Linalool 8.6 (n¼ 14) Linalool 86 (n¼ 13)

Number of squares crossed 123 (45–182) 3 (0–19)* 72 (12–100) 9 (3–18.5)* 7 (3–11)*
Attempt to escape 6 (1–13) 0 (0–0)* 1 (0–4) 0 (0–0)* 0 (0–0)*
Number of defecations 1 (1–2) 0.5 (0–1)* 1 (1–2) 0 (0–1)* 1 (0–1)*
Sleeping posture (s) 0 (0–0) 144 (37–239)* 0 (0–38) 104.5 (32.5–159.5)* 160 (6–347.5)*

Values are expressed as median (interquartile range).
*p50.05 significantly different from saline and Linalool 0.86 groups (Dunn’s post hoc test).
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Conclusion

In summary, our results show that i.c.v. administration
of the essential oil of Coriandrum sativum seeds induced
a sedative effect at doses of 8.6 and 86mg in neonatal
chicks. Pharmacological and behavioural responses of
CEO may be due to its major component, the linalool, in
it that also induced a similar sedative effect. Therefore,
both could be used in clinical therapy similar to
diazepam, although further studies should be carried
out to determine the mechanism of sedation of linalool
and other constituents of CEO.
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