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Background: Along with industrial development and the increasing social complexity of 
societies, anxiety is one of the most prevalent psychological disorders. Medicinal plants are 
considered as an enrichment source of ingredients with biological activity. 
Objectives: The aim of this study was to evaluate the anxiolytic effect of Anethum Graveolens 
seed (AGS) and the possible involvement of Gamma-Aminobutyric Acid (GABA)-ergic 
system in the AGS effect.
Materials & Methods: In the present experimental study, 64 female Wistar rats were divided 
into eight groups and received various concentrations of hydroalcoholic extract of AGS. To 
measure the level of anxiety, an elevated plus maze was used in a way that the animal’s head 
turned to an open arm. Prior to the injections of AGS extract, the GABA receptor antagonist 
was used. The results were analyzed by one-way analysis of variance using IBM SPSS v. 16.
Results: Dose-response experiments showed that the AGS extract significantly decreased 
the anxiety indices compared to the control group (P<0.05). To analyze locomotor activity, 
our data showed that AGS extract at 0.1, 1, and 10 mg/kg could significantly increase 
locomotor activity compared to the control group (P<0.001). Pentylenetetrazol (PTZ) +extract 
significantly decreased the anxiolytic effect of AGS extract (P<0.01). 
Conclusion: Considering the anti-anxiety effects of AGS extract and a reduction in this effect 
caused by PTZ, part of the anti-anxiety effect of extract might be assumed via its interaction 
with GABA-ergic receptors. Further experimental trials; however, are required for the 
establishment of the anti-anxiety impact of AGS.
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Introduction

nxiety is one of the psychological dis-
orders, which might be experienced by 
a lot of people in their life span. Physi-
ologically, anxiety is a complex behav-
ior in response to physical or environ-

mental stress due to uncertainty or potentially negative 
future events [1, 2]. This disorder affects about 10-30% 
of people in different societies [3].

By introducing benzodiazepines as an enhancer of the 
effect of the neurotransmitter Gamma-Aminobutyric 
Acid (GABA) about 50 years ago, treatment of anxiety 
was revolved. GABA as a main inhibitory neurotrans-
mitter in the brain exerts its effect via GABAA and GA-
BAB receptors through ligand-gated ion channels and 
G protein-coupled receptors, respectively [4]. Changes 
in GABA level cause an imbalance between excitatory 
and inhibitory systems and provokes neuropsychiatric 
disorders, such as anxiety [5]. Pentylenetetrazol (PTZ) 
is a prototypical anxiogenic drug that acts via selective 
blockage of GABAA receptor channels [6]. 

Medicinal plants are safe, effective, and inexpensive 
resources that are screened by different communities 
for the isolation of bioactive compounds and new drug 
inventions [7]. Anethum graveolens (dill) as a one-year-
old plant grows mainly in the southwest of Asia and 
southeast of Europe and traditionally has been used as 
a sedative and an appetizer [8, 9]. Also, anticonvulsant 
activity of AGS hydro-alcoholic extract against PTZ-in-
duced seizure has been reported [10]. Various species of 
dill comprise different kinds of steroids and phytoestro-
gen, which could have anti-inflammatory and tranquil-
izing effects [11, 12]. Moreover, various components, 
such as monoterpenes (carvone, limonene, linalool, etc.) 
have been isolated from A. graveolens according to phy-
tochemical screening [13]. 

Little is known about the therapeutic effect of dill on 
anxiety. In the present report, we studied the anxiolytic 
effect of dill seed extract on the behavior of female rats. 

We further searched for the involvement of GABAA re-
ceptors using an antagonist of these mentioned receptors.

Materials and Methods 

Animals and housing

In this experimental study, 64 mature female Wistar 
rats (180±20 g) were obtained from the animal house of 
Guilan University of Medical Sciences (GUMS). Ani-
mals were kept in clear plastic cages (15×26×42 cm) un-
der 12:12h light: dark cycle and controlled temperature 
(22±2°C). They were fed freely except for during the 
tests. There were eight rats in each group. Animals re-
ceived the hydro-alcoholic extract of A. Graveolens Seed 
(AGS) (0.1, 1, 10, 100, and 1000 mg/kg), saline (10 ml/
kg, negative control group), diazepam (0.6 mg/kg, posi-
tive control group), and PTZ (20 mg/kg) + hydroalco-
holic extract of AGS (10 mg/kg). After determination of 
the estrous cycle in rats based on their sexual features, 
vaginal secretion and its cellular contents were tested by 
a light microscope [14]. All rats were injected intraperi-
toneally in a volume of 10 ml/kg and tested after 30 min. 

Chemicals and preparation of AGS hydro-alco-
holic extract 

Pentylenetetrazol and diazepam were purchased from 
Sigma-Aldrich (St. Louis, MO, USA) and Caspian 
Company (Rasht, Iran), respectively. Both chemicals 
were dissolved in saline. The seed of A. graveolens 
was purchased from a local medicinal plants market. 
A voucher specimen was deposited in the herbarium of 
Medicinal Plants and Drugs Research Institute, Shahid 
Beheshti University, Tehran, Iran (no. MPH-1966). After 
cleaning and drying the plant seeds at room temperature, 
the seed powder (100 g) was macerated in ethanol 80% 
for 24 h at dark. Subsequently, the mixture was filtered 
and concentrated under reduced pressure at 40ºC by a ro-
tary evaporator. The yield of hydro-alcoholic extract was 
6.4% (g/g). According to the GC/MS analysis of AGS, 
D-carvone, D-limonene and apiol were about 88% of 
AGS constituents [10]. 

A

Highlights 

● The hydro-alcoholic extract of Anethum Graveolens Seed (AGS) reduced anxiety indices in the model of elevated 
plus-maze.

● Part of the anti-anxiety effect of AGS extract can be via GABA-ergic receptor interaction.
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Behavioral assay (elevated plus maze)

The Elevated Plus Maze (EPM) apparatus was pur-
chased from Borj Sanat Company, Tehran, Iran. The 
apparatus was a cross symbol and comprised two open 
arms (5 x 10 cm) across from each other and perpen-
dicular to two closed arms (39.5x10 x 49.5cm) with a 
center platform (10 x 10cm) elevated to a height of 60 
cm above the floor. Each rat received one trial in our test. 
Rats were given access to all arms and allowed to move 
freely between them for 5 min. Animals were placed in 
the apparatus so that the head turned to an open arm. The 
number of entries into the Open Arms (OAE) and the 
time spent in them (OAT) were used as indices of open 
space-induced anxiety in rats. Locomotor activity was 
calculated by the addition of the total number of entries 
into the open arms (OAE) and the total number of entries 
into the close arms (CAE) based on the below formula: 

Locomotor activity= OAE+CAE

After each trial, all arms and the center area were 
cleaned with super-hypochlorous water [15]. 

Statistical analysis

All data are expressed as Mean±SEM and were ana-
lyzed using software SPSS v. 16 (SPSS, Chicago, IL). 
One-way ANOVA followed by Tukey’s test for multiple 
comparisons were used for statistical evaluation. A P-
value less than 0.05 was considered significant.

Results

Effect of AGS extract on %OAT 

Different doses of AGS extract (0.1, 1, 10, 100, and 1000 
mg/kg) were injected into the female Wistar rats. Behav-
ioral activities of the rats after facing environmental stress 
were measured by EPM test 30 min after the injections. 
Animals that received 10 mg/kg of the extract showed a 
significant increase in the percentage of OAT (P<0.01). 
Other doses of AGS extract had also a similar effect com-
pared to the control group (saline-injected animals), but 
these differences were not significant (Table 1).

Effect of AGS extract on %OAE 

Analysis of OAE values showed that the injection of 
10 mg/kg of the extract resulted in a significant increase 
in the number of entrances to the open arms compared 
to the control group (P<0.05) (Table 1). These data con-
firmed the results obtained from the OAT assay. 

Effect of AGS extract on locomotor activity 

In order to analyze locomotor activity, we calculated 
CAE+OAE results. Our data showed that the AGS 
extract at 0.1, 1, and 10 mg/kg could significantly in-
crease locomotor activity compared to the control group 
(P<0.001) (Table 1). Because the extract at 10 mg/kg 
had a significant effect on %OAT and %OAE and loco-
motor activity; hence, we used it as an effective dose for 
further studies. Effect of AGS extract on %OAT, %OAE, 
and locomotor activity compared to the group receiving 
the antagonist plus extract %OAT, %OAE, and locomo-
tor activity significantly decreased in the PTZ+extract 
group compared to the extract group (P<0.01, P<0.001, 
and P<0.01, respectively) (Figsure 1, 2 & 3). 

Discussion

Due to technology improvements and lifestyle chang-
es, anxiety has influenced individuals’ characteristics, 
including decreased quality of life and an increase in 
the rate of neurodegenerative disorders [16]. Although 
efforts have been made to treat anxiety disorders using 
pharmaceutical treatments have shown hopeful results, 
they also have many side effects on patients. Recently, 
due to improving cellular and molecular techniques 
along with plant biology, scientists have used traditional 
plants for treating anxiety [17, 18]. 
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Table 1. The effects of different doses of the extract on %OAT, %OAE, and locomotor activity (mean 
± SEM) (n=8) 
Group % OAT    % OAE Locomotor 

activity (total) 
Saline  3.92±1.5 13.68±4.9 5±0.9 
AGS ) 0.1 mg/Kg( 14.34±6.5 14.83±4.5 11.62±1.3*** 
AGS )1 mg/Kg( 23.2±3.1 23.65±1.3 11.25±1.2*** 
AGS )10 mg/Kg( 36.26±9.8** 36.99±5.6* 11.5±0.4*** 
AGS )100 mg/Kg( 11.19±3.4 17.75±4.8 6.62±0.9 
AGS )1000 mg/Kg( 14.95±4.7 21.35±5.4 5.37±0.6 
Diazepam)0.6 mg/Kg( 63.21±5.8*** 54.9±3.2*** 8.88±1.02 
AGS Extract )10 mg/Kg(+ PTZ )20 mg/Kg( 7.12±5.5 5.12±4.6 6±1.02 
*P < 0.05, **P < 0.01 and ***P < 0.001 compared to the saline control group. 
Anethum graveolens seed (AGS) 
OAT (time spent in open arms) 
OAE (open arms entries) 
Pentylenetetrazol (PTZ) 
  

Effect of AGS extract on %OAT, %OAE, and locomotor activity compared to the 

group receiving the antagonist plus extract  

%OAT, %OAE, and locomotor activity significantly decreased in the PTZ + extract 

group compared to the extract group (P < 0.01, P < 0.001, and P < 0.01, respectively) (Figs. 

1- 3).  

 
Figure 1. The effects of Anethum graveolens seed (AGS) ex-
tract and Pentylenetetrazol (PTZ)+extract on the percentage 
of time spent in open arms (%OAT)

** P<0.01 compared to the extract group (Mean±SEM, n=8).
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Dill has long been used to decrease different types of 
pain and constipation problems [19]. However, the ef-
fect of this plant on decreasing anxiety has not yet been 
understood. In this report, we studied the effect of dif-
ferent doses of dill seed extract on behavioral hallmarks 
of anxiety in female rats synchronized in the estrous cy-
cle through examining various factors, including OAT, 
OAE, and locomotor activity in the EPM.

According to our findings, all doses of AGS from the 
minimum of 0.1 mg/kg to the maximum of 1 g/kg were 
tolerated. In some time-limited experimental models, 

doses of AGS up to 2 g/kg did not cause any death [20]. 
Our dose-response study showed that 10 mg/kg of the 
AGS extract is the most effective dose in reducing anxi-
ety in rats. These findings are in accordance with those 
of El Mansouri et al. (2016) who indicated that the lower 
dose of AGS showed the best antidepressant and analge-
sic properties than its higher dose [21]. 

Here, the EPM test was used for measuring anxiety-
like behavior. It has been reported that anxiolytic agents 
increase locomotor activity on the open arms [22]. In this 
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Figure 1:  The effects of Anethum graveolens seed (AGS) extract and pentylenetetrazol (PTZ) 

+ extract on the percentage of time spent in open arms (%OAT). 

 ** P < 0.01 compared to the extract group (Mean ± SEM, n =8). 

 

 

Figure 2: The effects of Anethum graveolens seed (AGS) extract and pentylenetetrazol (PTZ) 

+ extract on the percentage of open arms entries (%OAE). 

 *** P < 0.001 compared to the extract group (Mean ± SEM, n =8). 

 

Figure 2. The effects of Anethum Graveolens Seed (AGS) ex-
tract and Pentylenetetrazol (PTZ)+extract on the percentage 
of open arms entries (%OAE)

***P<0.001 compared to the extract group (Mean±SEM, n=8).
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Figure 2: The effects of Anethum graveolens seed (AGS) extract and pentylenetetrazol (PTZ) 

+ extract on the percentage of open arms entries (%OAE). 

 *** P < 0.001 compared to the extract group (Mean ± SEM, n =8). 

 
Figure 3. The effects of Anethum Graveolens Seed (AGS) 
extract and Pentylenetetrazol (PTZ)+extract on locomotor 
activity (total)

**P<0.01 compared to the extract group (Mean±SEM, n=8).

Table 1. The effects of different doses of the extract on %OAT, %OAE, and locomotor activity (Mean±SEM) (n=8)

Groups
Mean±SEM

%OAT %OAE Locomotor activity 
(total)

Saline 3.92±1.5 13.68±4.9 5±0.9

AGS (0.1 mg/Kg) 14.34±6.5 14.83±4.5 11.62±1.3***

AGS (1 mg/Kg) 23.2±3.1 23.65±1.3 11.25±1.2***

AGS (10 mg/Kg) 36.26±9.8** 36.99±5.6* 11.5±0.4***

AGS (100 mg/Kg) 11.19±3.4 17.75±4.8 6.62±0.9

AGS (1000 mg/Kg) 14.95±4.7 21.35±5.4 5.37±0.6

Diazepam (0.6 mg/Kg) 63.21±5.8*** 54.9±3.2*** 8.88±1.02

AGS Extract (10 mg/Kg)+ PTZ (20 mg/Kg) 7.12±5.5 5.12±4.6 6±1.02

*P<0.05; **P<0.0; ***P<0.001 compared to the saline control group; AGS: Anethum Graveolens Seed; OAT: Time Spent in Open Arms; 
OAE: Open Arms Entries; PTZ: Pentylenetetrazol.
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experiment, the incremental effects of 0.1, 1, and 10 mg/
kg of AGS extract on locomotor activity were more than 
diazepam as a standard drug. AGS had an anxiolytic ef-
fect and significantly increased locomotor activity com-
pared to the saline control group; nevertheless, the in-
cremental effect of diazepam on locomotor activity was 
not significant. This effect of AGS significantly was re-
duced by AGS+PTZ. Because PTZ is a noncompetitive 
antagonism of the GABAA receptor complex, its ability 
to significantly inhibit the anxiolytic effect of AGS ex-
tract might be postulated via the GABAA receptor [23]. 
Another possibility is related to the benzodiazepine- like 
effect of flavonoids on GABAA receptors, which might 
have anxiolytic consequences [24]. Moreover, monoter-
penes isolated from A. graveolens have an anxiolytic-
like effect [22]. 

In this study, we showed that blockade of the GABAA 
receptor by PTZ significantly decreased the anxiolytic ef-
fect of AGS extract. It could be assumed that the extract 
effect may be mediated via the GABAA receptors. In 
agreement with our study, Pourabbas, et al. showed that 
co-administration of PTZ with fennel extract decreased its 
anxiolytic effect [21]. Besides, the reducing effect of Hy-
pericum perforatum extract containing flavonoid on fear 
behavior has been suppressed by co-administration with 
PTZ [25]. Recently, Hekmatzadeh et al. showed the anxio-
lytic effect of the dill seed on the labor women that was in 
line with our study [26]. It seems that PTZ with binding to 
the benzodiazepine site of the GABAA receptors prevents 
the anxiolytic effect of extract containing flavonoids.

Conclusion

We found that the mixture we extracted from dill seed 
could decrease anxiety symptoms in female rats perhaps 
through acting on the GABAA receptors. However, 
more cellular and molecular tests should be done to un-
ravel the exact mechanism of the anxiolytic effect of dill 
seed extract and the possible involvement of GABA re-
ceptors. Further experimental studies are required for the 
establishment of the anti-anxiety impact of AGS. 
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