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Abstract
We have evaluated the mechanism underlying the sedative effects 

of coriander (Coriandrum sativum L.) using a behavioral study and 
real-time PCR (RT-PCR). The experimental mice were divided as: (1) 
control, (2) coriander leaf extract- 400 or 600 mg/kg, (3) coriander 
seed extract- 400 or 600 mg/kg, (4) main ingredients. Two hours 
after oral administration of coriander extracts and main ingredients, 
a light anesthesia (21.6 mg/kg) of pentobarbital was administered 
intraperitoneally (i.p.) to all mice. The time points recorded after i.p. 
administrations were- 1: immediately after administration, 2: start time 
of somnolence, 3: end time of somnolence.  The brains were isolated 
from the control and coriander leaf extract groups two hours after 
oral administration for RT-PCR. Pentobarbital-induced somnolence 
duration time was compared with that of the control group. A 
significant difference was found in leaf and seed extract- 600 mg/kg 
group and linalool (main ingredient of coriander) group. RT-PCR results 
showed that the gene expression of GABAA receptor β1 subunit was 
significantly increased and the gene expression of GABA transporter 
was significantly decreased in leaf extract 600 mg/kg group. This 
indicates that the sedative effect of coriander leaf extract is due to the 
hyperactivity of inhibitory neurons in the brain.
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Introduction
Coriander (Coriandrum sativum L.), belonging to the family 

Umbelliferae/Apiaceae is an annual Mediterranean herb 
cultivated in many countries [1, 2]. Coriander has been used 
for over 3000 years (Ebers papyrus of 1550 BC) as traditional 
medicine [3]. Also, Iranian traditional medicine has been 
suggested to cure medical problems such as insomnia and anxiety 
[4]. Coriander seed is one of the commonly used spices all over 
the world and was called as the “spice of happiness” in ancient 
Egypt [5, 6]. Coriander leaves are used for garnishing, while the 
oil is used in cosmetics [3].

 Amongst many ingredients of coriander, linalool is a 
component of unique odor, although the extent of its odor varies 
from one geographical location to another [6, 7]. However, 
no clear differences describing the country-wise efficacy are 
reported, suggesting that the strength of odor and efficacy might 
not correlate.

Pharmacologically, the studies on the antioxidant, 
anticonvulsant, anxiolytic effects of coriander have been reported 
[8-10]. Although a report shows the sedative and hypnotic 
effects of coriander extracts combined with pentobarbital, 
there is no literature suggesting its mechanism of action [11-
13]. Pentobarbital is a barbiturate anesthetic that effects on the 
hypothalamus and enhances γ-amino butyric acid (GABA) type 
A (GABAA) receptor function or GABAergic neurotransmission 
[14]. And pentobarbital is one of the short-acting barbiturates. 
Therefore, this barbiturate can be used for the experiments 
which find out the effects of sedation/hypnotic actions as the 
reference drug. To assess the sedative effect of coriander extracts, 
we measured somnolence time in pentobarbital induction.

In this study, we conducted a comparative search of the 
sedative effect of the multifunctional coriander leaf and seed 
extracts. Furthermore, we searched that the coriander extracts 
induce the sedative/hypnotic action not lonely but potentiated by 
GABA-acting agents. In general, the sedation is controlled by the 
balance of excitatory and inhibitory neuronal system in the brain. 
Particularly, the activation of GABAA receptor and the inhibition 
GABA transporter on glia cells relate to the increase of synaptic 
GABA activities. Furthermore, the decreases of N-methyl-D-
aspartate (NMDA) receptors reduce the activities of excitatory 
neurotransmitter such as glutamate.

In this paper, we measured the activities of GABAA receptor, 
GABA transporter and NMDA receptor by real-time PCR (RT-PCT).  
And we discussed the mechanism of sedative effect of coriander 
leaf extract. 

Materials and Methods
In this experiment, two types of coriander extracts such as leaf 

and seed donated from Sami-Sabinsa Group (Bengaluru, India) 
were used (See the flow chart of extraction). And these extracts 
were administered by oral before intraperitoneal administration 
of pentobarbital. 
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Flow Chart of Extraction: Process development for Coriandrum sativum leaves and seeds extract

Animals

Male ddY mice (Japan SLC, Inc., Shizuoka, Japan), 5-weeks old, 
were purchased and bred at Yokohama University of Pharmacy, 
Animal Experiment Research Facility. For the experiment, 
breeding was carried out for at least 1 week, after which the 
animals were used. The temperature of the breeding room was 
adjusted to 22 to 24 °C, the humidity was 50 to 55%, and the 
light period was set from 7 am to 7 pm. All mice were provided 
with normal feed (CE-2, CLEA Japan, Inc., Tokyo, Japan). This 
study was carried out by the permission of Yokohama University 
of Pharmacy experimental animal committee, keeping in 
consideration the welfare of laboratory animals.

Procurement of Coriander Extract

The coriander leaf and seed extracts were donated by the 
Sabinsa Japan Corporation.

Experimental Design

The mice were randomly divided into six groups (n = 6 for 
each group):

1. Control: Water containing Polyethylene Glycol 400 (PEG, Wako 
Pure Chemical Industries, Ltd., Osaka, Japan);  

2. Coriander leaf extract, either 400 or 600 mg/kg;  

3. Coriander seed extract, either 400 or 600 mg/kg;

4. Main ingredient of the seed: linalool 280 mg/kg (Tokyo 
Chemical Industry Co., Ltd., Tokyo, Japan); 

5. Main ingredient of the leaf: (E)-2-decenal 60 mg/kg (Tokyo 
Chemical Industry Co., Ltd., Tokyo, Japan); and 

6. Main ingredient of leaf: decanal 60 mg/kg (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan).

Water was used as a vehicle for coriander leaf and seed extracts. 
Also, PEG containing water was used as a vehicle for linalool, (E)-
2-decenal, and decanal. Linalool comprises roughly 70% of the 
essential oil in coriander seed while (E)-2-decenal and decanal 
form 15% of the coriander leaf essential oil [7]. In essence, each 
dose constitutes 280 mg/kg linalool and 60 mg/kg (E)-2-decenal 
and decanal. The pentobarbital-induced somnolence time was 
observed for 2 hours after oral administration. Furthermore, 
the brain was extracted from the control group as well as the 
coriander leaf extract (400 and 600 mg/kg) group 2 hours after 
oral administration for RT-PCR.

Potentiation of Pentobarbital-Induced Somnolence 
Time

Pentobarbital sodium 64.8 mg/mL (Somnopentyl®, Kyoritsu 
Seiyaku Co., Tokyo, Japan) was diluted with saline to a dose of 
21.6 mg/kg. Two hours after oral administration of coriander 
extracts and main ingredients, 21.6 mg/kg of pentobarbital was 
intraperitoneally (i.p.) administered to all mice. This dose was 
optimized such that the untreated mice did not show loss of righting 
reflex. Loss of righting reflex was defined as the ineptitude of mice 
to right them when positioned in a supine position. The following 
periods were recorded post intraperitoneal administration: 
1- immediately after administration, 2- commencement time of 
somnolence, and 3- end time of somnolence. The time obtained by 
subtracting 1 from 2 for each time was taken as the pentobarbital-
induced onset time, and the time subtracting 2 from 3 was 
taken as the pentobarbital-induced somnolence duration time. 
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Furthermore, the number of mice exhibited loss of righting reflex, 
and it was used as an index of pentobarbital-induced somnolence 
potentiation. Each mouse was experimented with individual 
gauges so as not to be disturbed by adjacent mice.

Real-time PCR

The brains from each of the mice were divided into seven 
regions (frontal cortex, occipital cortex, hippocampus, corpus 
striatum, cerebellum, thalamus/hypothalamus, and brainstem). 
To extract the RNA, homogenization was done with the addition 
of POLYTRON PT 1300 D (Central Scientific Trade Co. Ltd., Tokyo, 
Japan) with Isogen (Nippon Gene Co., Tokyo, Japan) to the brain 
region excised from each mouse.  In the next step, chloroform 
(Nacalai Tesque Inc., Kyoto, Japan) was added, the samples 
centrifuged, and subsequently the supernatant was recovered 

Table 1: List of all primers for real-time PCR

Gene Universal Probe Library Forward (Left) Reverse (Right)

GAPDH #9 AGCTTGTCATCAACGGGAAG TTTGATGTGGGGTCTCG

GABAA receptor α1 subunit #78 TGCTTGCAACCTGCCTTT CTCGCTTCCCTGCTAGAACA

GABAA receptor β1 subunit #80 CCCTCTGGATGAGCAAAACT AATTCGATGTCATCCGTGGTA

GABA transporter #4 GCATCATCGTGTTCAGCTACA GCATGTTGCCTTCGAGAGA

NMDA receptor #8 TGCCAGCTATACAGCCAATCT ACGGTGTCCACGTACTCCTC

in a new tube. Isopropanol (Nacalai Tesque Inc., Kyoto, Japan) 
was added to the supernatant and after another centrifugation, 
the precipitate was recovered, dissolved in sterilized water, and 
RNA concentration was quantified. Next, the RNA concentration 
was standardized to 50 ng/µL according to the Super Script 
VILO cDNA Synthesis kit protocol (Thermo Fisher Scientific Inc., 
Massachusetts, USA), and incubated at 25 °C for 10 min, 42 °C for 
60 min and at 85 °C for 5 min to obtain cDNA. Using a Light Cycler® 
480 II (F. Hoffmann-La Roche, Ltd., Basel, Switzerland) and a 
primer against each template marker the cDNA was amplified by 
TaqMan probe method Table 1. With glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as the standard, the genetic markers 
GABAA receptor α1 and β1 subunits, GABA transporter, and 
NMDA receptor levels were measured.

Statistical Analyses

The statistical significance was assessed using one way 
analysis of variance (ANOVA) and subsequently, results from 
all data were compared with those of the control group. All 
values were expressed as mean ± SE and P<0.05 was considered 
significant. The results were analyzed using the Stat View 5.0 
statistical software (SAS Institute Inc., North Carolina, USA).

Results
Effect of Coriander Extract on Potentiation of 
Pentobarbital-Induced Somnolence Time

Pentobarbital was i.p. administered to mice and the 
pentobarbital-induced somnolence onset time was compared 
with that of control group, where the significant difference was 
observed in the leaf extract 600 mg/kg group compared with 
control group (P<0.05)  Figure 1A.

Next, the pentobarbital-inducted somnolence duration 
time was compared with control group. A significant difference 
was found in leaf extract 600 mg/kg group compared with 
control group (P < 0.01). Similarly, the pentobarbital-induced 
somnolence duration time was significantly different (P < 0.05) 
in the seed extract 600 mg/kg group compared with the control 
group. However, no significant differences were observed in the 
400 mg/kg groups of the leaf and seed extracts Figure 1B. 

In the leaf extract group, the duration time was increased by 
114% and 189%, respectively, compared with control group. In 
the seed extract group, the duration time was increased by 106% 
and 127%, respectively, compared with control group. Mice with 
loss of righting reflex were 0% in control group and leaf and seed 
extract 400 mg/kg groups, while they were 100% in the leaf 
extract 600 mg/kg group, and 16.7% in seed extract 600 mg/kg 
group.

Effect of the Main Ingredients of Coriander on 
Potentiation of Pentobarbital-Induced Somnolence 
Time

Pentobarbital was administered to the mice intraperitoneally 
and the pentobarbital-induced somnolence onset time was 
compared with that of the control group. However, no significant 
difference was observed Figure 1C. 

Pentobarbital-induced somnolence duration time was 
compared with the control group, and a major difference was 
observed in the linalool group (P< 0.01). However, for the (E)-
2-decenal group decanal groups, no significant differences were 
recorded Figure 1D. 
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Figure 1: Effect of coriander extracts on pentobarbital-induced somnolence onset time
(A) Pentobarbital induced somnolence duration time,(B)  Effect of main ingredients of coriander on pentobarbital-induced somnolence onset time 
(C) Each value shows the mean ± SE. **P < 0.01, ***P < 0.001 compared with control group, (D) and pentobarbital-induced duration time

Linalool group, (E)-2-decenal group, and decanal group had 
increased duration time by 149%, 116% and 112%, respectively, 
relative to the control group. Mice with loss of righting reflex were 
not seen in the control group and main ingredients of coriander 
group. 

Real-time PCR

The mRNA expression of each of the genes in the excised 
brain region was measured by RT-PCR. The gene expressions 
were normalized to the expression level of the GAPDH gene and 
were compared to the expression level of control group. GABAA 
receptor α1 subunit was compared to the control group, but no 
significant differences were observed in all of the seven brain 
regions. 

GABAA receptor β1 subunit was found to be significantly 
raised in the cerebellum when compared to the control group (P 
< 0.01, Figure 2).

GABA transporter was significantly reduced in the brainstem 
with respect to the control and leaf extract 400 mg/kg groups 
(P < 0.05). Moreover, in the leaf extract 600 mg/kg group, it was 
significantly decreased in the occipital cortex, corpus striatum, 
brainstem (P < 0.05), and thalamus/hypothalamus (P < 0.01, 
Figure 3).

Figure 2: Effect of coriander leaf extract on mRNA expression levels of 
GABAA receptor β1 subunit. The gene expression was normalized to the 
expression level of the GAPDH gene and was compared to the expres-
sion level of control group. Each value shows the mean ± SE. **P < 0.01 
compared with control group

Relative to the control and leaf extract 600 mg/kg groups, 
NMDA receptor was significantly downregulated in the occipital 
cortex and thalamus/hypothalamus (P< 0.05). This was also 
accompanied by a significant decrease in the corpus striatum (P< 
0.01, Figure 4).
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Figure 3: Effect of coriander leaf extract on mRNA expression levels of GABA transporter. The gene expression was normalized to the expression level 
of the GAPDH gene and was compared to the expression level of control group. Each value shows the mean ± SE. *P<0.05, **P<0.01 compared with 
control group

Figure 4: Effect of coriander leaf extract on mRNA expression levels of NMDA receptor. The gene expression was normalized to the expression level 
of the GAPDH gene and was compared to the expression level of control group. Each value shows the mean ± SE. *P < 0.05, **P < 0.01 compared with 
control group
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Discussion
It has already been reported that extension of sleeping time 

induced by pentobarbital was enhanced by coriander seed 
extract [11-13]. This effect of coriander seed extract is due to a 
water-soluble monoterpene glycoside, (3S, 6E)-8-hydroxylinalool 
3-O-β-D-glucopyranoside [15]. Furthermore, in the extract of the 
aerial parts of coriander, the potentiation of hypnotic function 
induced by pentobarbital has also been reported [13]. However, 
it has been no reports that the main ingredient of aerial parts of 
coriander induced such hypnotic functions. While these studies 
assessed the sleep time potentiation induced by pentobarbital, 
we investigated at lower doses of pentobarbital which does not 
lose righting reflex in mice. Consequently, we found out that the 
larger dosage of coriander leaf and seed extracts potentiated the 
pentobarbital-induced somnolence duration time. Our results 
support a previously reported study stating that the action of 
pentobarbital is potentiated by pretreatment of coriander extract 
[11, 12].

Potentiation of the pentobarbital-induced somnolence onset 
and duration times were observed in the leaf extract group rather 
than seed extract group. Therefore, we performed RT-PCR in 
leaf extract group to check the GABAA receptor, which is a major 
inhibitory neurotransmitter receptor in the brain region, GABA 
transporter, which aids in the removal of GABA from the synapse 
to surrounding astrocytes, and NMDA receptor, the excitatory 
neurotransmitter receptor [16-18]. As a result, there was no 
change in the gene expression level of GABAA receptor α1 subunit 
involved in the sedative hypnotic effect [19].

Gene expression of the GABAA receptor β1 subunit which 
involved in the endogenous sleep pathway was increased by 
coriander leaf [20]. On the other hand, gene expressions of GABA 
transporter and NMDA receptor were decreased. These results 
indicate that the increases of GABA levels in the synaptic cleft 
are induced and the excitatory activity can be reduced by the 
administration of coriander leaf extracts.

In the main ingredient of coriander seed, linalool, exerts a 
sedative effect in mice [21]. Furthermore, linalool inhibits the 
binding of glutamic acid to the NMDA receptor in the rat cerebral 
cortex [22]. We studied whether the main ingredient of coriander 
affects the pentobarbital-induced somnolence duration. Based 
on our results, we suggested that linalool potentiates the 
pentobarbital-induced somnolence duration time over (E)-2-
decenal and decanal. Our results were supported by an earlier 
report claiming that the sedative effect is potentiated by treatment 
of linalool [21]. However, (E)-2-decenal and decanal which are 
the main leaf extract ingredients, did not significantly increase 
potentiation of pentobarbital-induced somnolence duration time.

This study shows that coriander leaf extract potentiates the 
action of low dose pentobarbital much more efficiently than the 
seed extract. As a central mechanism of coriander leaf extract, 
the potentiation of GABAergic neurons in the brain was detected. 
These results suggest that the sedative effect of coriander leaf 

extract is due to the hyperactivity of inhibitory neurons in the 
brain. However, the identity of the specific component of leaf 
extract contributing to the sedative effect remains unclear. 

Conclusion
The sedative effect of coriander leaf extract is due to the 

hyperactivity of inhibitory neurons in the brain. However, such 
sedation induced by coriander leaf extract can be potentiated by 
GABA-acting drugs or functional materials.    
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