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Abstract
 Background: In this study, the aqueous extract of Anethum graveolens (dill) leaves was 
studied for its effects on treating convulsions and epilepsy, by using a pentylenetetrazole (PTZ) 
kindling model. The evaluated plant has a traditional medical reputation for profound anticonvulsant 
activities, additionally, dill has been claimed to exhibit anti-inflammatory and analgesic properties. 
 Methods: For the PTZ kindling induction, mice were given a dose of PTZ (37 mg/kg, 
intraperitoneally) every other day, and seizure stages were precisely recorded. During and after 
kindling, the effects of the non-toxic doses of the aqueous extracts (100, 250, and 400 mg/kg) on 
seizure latency in stage 2 (S2L), seizure latency in stage 4 (S4L), and seizure duration in stage 5 (S5D) 
were measured.
 Results: The aqueous extract of dill leaves had a noticeable anticonvulsant effect. The                 
400 mg/kg dose of the extract sample decreased with S5D (P < 0.05), and increased with S2L and              
S4L significantly (P < 0.05 and P < 0.01, respectively).
 Conclusion: The obtained data shows that the aqueous extract possesses anticonvulsant 
activity against seizure induced by PTZ. The presence of anticonvulsant compounds in this medicinal 
herb suggests further activity and guided fractionation studies in order to introduce this plant as                       
a valuable source of anticonvulsant agents.
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Introduction

 Epilepsy, a common neurological disorder, 
is characterized by unpredictable and episodic 
seizure, and researchers from all over the world 
have been studying many areas of this disorder. 
Experimental models of epilepsy have been 
developed to study the basic mechanisms of 
epileptic seizures and identify new therapeutic 
approaches. Kindling is one of the most widely 
used models for the induction of increased 
convulsions in animals (1). In kindling, the 
repetitive and intermittent administration of 
electrical or chemical subconvulsants such as 
pentylenetetrazol (PTZ) leads to the development 

of marked tonic-clonic convulsions. Electrical 
kindling is regarded as a model of complex partial 
epilepsy (1), and the chemical kindling induced by 
the convulsant PTZ represents a model of primary 
generalized epilepsy (2).
 Roughly, approximately one percent of 
the world’s population is afflicted with this 
neurological disorder (3); however, approximately 
40% of all patients with epilepsy can become 
seizure free by using antiepileptic drugs. On the 
other hand, the existing antiepileptic drugs are 
chemical compounds which often have serious 
side effects, including teratogenicity, chronic 
toxicity, and adverse effects on cognition and 
behavior (4). Consequently, it is essential to 
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design and explore novel antiepileptic agents 
which have the characteristics of being effective 
as well as safe.
 Nowadays, many people living in developing 
countries are using herbal medicines to treat 
epilepsy (5). Therefore, the idea of managing 
epilepsy by using carefully analyzed and well-
studied herbal medications is significant and 
advisable. Anethum graveolens L. is in the 
Apiaceae family, and it is found mostly in 
southwestern Asia (Iran-Khorasan province) or 
southeastern Europe. It grows to 90–120 cm tall 
and has slender branched stems, finely divided 
leaves, small umbels (2–9 cm in diameter) of 
yellow flowers, and long spindle-shaped roots. 
In general, dill leaves (dill weeds) and seeds 
(small fragrant fruits) are used as seasoning 
(6,7). However, the pharmacological properties, 
such as antibacterial activity (8), as well as its 
antihyperlipidemic and antihypercholesterolemic 
effects (9), have been reported. Moreover, dill seeds 
have identified pharmacological characteristics, 
such as promoting appetite and alleviating seizure 
effects (10). Therefore, it can be proposed that 
may be these compounds are responsible for the 
above mentioned pharmacological and biological 
effects.
 Dill leaves have been used as a folk 
medicine to treat seizure in Iran (11), and the 
presence of flavonoids in this plant is remarkable 
(12). Two flavonoids have been isolated from                                             
A. graveolens seeds, quercetin 3-O-beta-D-
glucuronide and isoharmentin 3-O-beta-D-
glucuronide, which have antioxidant activities 
and could counteract with free radicals (13). The 
anxiolytic characteristics of flavonoids have been 
rarely examined, and to date, the anxiolytic-like 
effects of simple flavones like chrysin have been 
reported. This flavone behaves as a competitive 
ligand of benzodiazepine receptors (14); however, 
it has been shown to prevent the expression of 
tonic-clonic seizure induced by pentylenetetrazol 
in mice (15).
 Considering the impact of benzodiazepine 
receptors and antioxidant constituents (16) 
in convulsive seizure, we planned to study 
the anticonvulsant properties of Anethum                                                                                      
graveolens. However, according to our literature 
survey, there have been no reports on the 
anticonvulsant activity of the aqueous extracts 
of Anethum graveolens (in vitro/in vivo) in 
treating these neurological disorders. As a result, 
we designed the current research to assess the 
anticonvulsant activities of the aqueous extract of 
dill leaves on male mice, in order to scientifically 
justify its use in traditional medicine to treat 

epilepsy.

Materials and Methods

Animals
 Male albino BALB/c mice, weighing                       
25–35 g, were obtained from the animal house 
at Sabzevar University of Medical Sciences. 
After three handling days, eight groups (10 each) 
were randomly selected. They were placed in 
polypropylene cages with paddy husk as bedding. 
The animals were housed at a temperature of 
23 ± 2 ˚C and relative humidity of 30–70%. All 
procedures involving the care and use of the 
animals were conducted in accordance with 
the “Guide to the Care and Use of Experimental 
Animals” (17) and the Sabzevar University Ethics 
Committee. All experiments were completed at the 
same time (8.00 am to 2.00 pm) in the morning 
to avoid the bias of circadian rhythms (18).

Chemicals
  Pentylenetetrazol and sodium valproate were 
obtained from Sigma-Aldrich Inc, St Louis (MO), 
United States of America. All solvents used in this 
study were obtained from local companies in Iran. 

Plant material
 Anethum graveolens L. was collected from 
the Khorasan province (northeastern Iran) 
and authenticated in the Ferdowsi University 
Herbarium. The plant samples were deposited as 
plant 293-0107-18 at our own collection (School of 
Pharmacy, Faculty of Pharmacognosy, Mashhahd 
University) for future reference.

Preparation of extracts
 The freshly collected plant material (leaves) 
was dried in the shade, and then coarsely 
powdered. The dried leaves (1.2 kg) were separately 
and consecutively macerated with solvents (water 
and ethanol (80 V/V) over a period of three 
days. The solvents were evaporated off under 
reduced pressure, and the extracts were stored at                                                                                                   
–20 ˚C until tested. The yield (w/w) of the 
aqueous solution was 2.3%.

Kindling method
 In order to perform kindling, an 
intraperitoneal injection of PTZ (37 mg/kg) 
was performed every other day. After the PTZ 
injection, seizure occurred in these animals. 
These steps were consequently repeated until 13 
injections were achieved (19). During the first 
injections, the primary stages of seizure occurred, 
and in later injections, upper levels of seizure 
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can occur. These stages included: stage 0 = 
absence of response; stage 1 = facial automatism, 
with twitching of the ears and whiskers; stage                                                               
2 = convulsive waves propagating throughout the 
body; stage 3 = forelimb clonus with rearing; stage 
4 = tonic-clonic convulsions with loss of posture; 
and stage 5 = fully generalized tonic-clonic seizure 
with falling (20). In this study, the measureable 
and comparable statistical parameters (in 
seconds) are shown as the following. Stage 2 
latency (S2L) was measured from the beginning 
of the stimulation until the beginning of stage 
2 seizure. Stage 4 latency (S4L) was measured 
from the beginning of the stimulation until the 
beginning of stage 4 seizure. The seizure duration 
of stage 5 (S5D) was measured from the beginning 
of stage 5 until the end of this stage. For the S2L 
and S4L parameters, we used the cumulative S2L 
(the sum of the latency of the stage 2 durations 
recorded after 13 daily injections) and cumulative 
S4L in the first part of experiments (groups 1–5). 
The animals received daily PTZ and dill injections 
for 13 days, therefore the convulsive parameters 
were statistically and cumulatively analyzed.

Experimental groups 
 According to the minimum toxic dose                
(500 mg/kg), the dosages were selected for the 
three kindling acquisition groups in this order: 
100, 250, and 400 mg/kg. After obtaining the 
dill extract, the required amount was weighed. 
Then it was dissolved in normal saline to reach 
the required dose and the solution (10 mL/kg) 
was injected intraperitoneally. After 30 minutes, 
the PTZ (37 mg/kg) was injected into the animals 
and the seizure parameters were immediately 
documented. The first group of animals was 
injected with normal saline (10 mL/kg;ip), 
30 minutes before injecting the PTZ, and this 
schedule was repeated 13 times, every other day. 
The second group of animals received sodium 
valproate (100 mg/kg) thirty minutes before 
injecting the PTZ. This group was considered                                        
to be the positive control. The third, fourth, and 
fifth groups of animals received 100, 250, and 
400 mg/kg of the aqueous extract, respectively, 
30 minutes before the PTZ injection. In the 
sixth to eighth groups, the aqueous extract 
was injected one time in dosages of 100, 250, 
and 400 mg/kg, thirty minutes before the PTZ 
injection in the kindled animals. The animals 
should have demonstrated stage 5 or stage 4 for 
three consecutive PTZ injections before they were 
said to be kindled (1). The seizure parameters                                                        
(S2L, S4L, S5D) were monitored for precisely                  
20 minutes after each PTZ injection in all groups. 

Acute toxicity study
 Different doses of the extract were injected 
intraperitoneally into the separated groups of six 
mice. The number of deaths was determined at 
24 hours after treatment, and the Lethal Dosage 
(LD50) values and corresponding confidence 
limits were determined using the Litchfield and 
Wilcoxon method. 

Statistical analysis
 The results are expressed as the means, 
accompanied by the number of observations. A 
repeated measures ANOVA was used to determine 
changes in the cumulative S2L, (the sum of the 
latency of the stage 2 durations recorded after 
13 daily injections), cumulative S4L during the 
first part of the experiments (groups 1–5), and 
a P value < 0.05 was considered to represent a 
significant difference.

Results

Effect of aqueous extract of dill leaves on          
kindling acquisition
 For the first part of this study, the effect of the 
aqueous dill extract (100, 250, and 400 mg/kg) 
was used to investigate PTZ kindling acquisition. 
The injection of the aqueous dill extract                                             
(100 mg/kg) every 48 hours had no significant 
effects on the seizure parameters. The repeated 
measures ANOVA showed that in the S2L group 
receiving the extract sample, seizure was reduced 
from 120.7 seconds (SD 21.4) to 99.5 seconds                                                                                                   
(SD 20) seconds, which had no significant 
difference (F12,36 = 1.83, P = 0.079) when 
compared with the group receiving normal saline 
90.7 seconds (SD 16.2) to 72.8 seconds (SD 6.2) 
seconds. The S4L group showed no significant 
changes after 13 dill extract injections. The S4L            
in the group receiving the extract was reduced 
from 118.7 seconds (SD 6.5) to 112.5 seconds 
(SD 29.2), which had no significance (F12,156 = 
1.53, P = 0.16) when compared with the normal 
saline group from 138.1 seconds (SD 13.7) to                                                                                                    
97.4  seconds (SD 10). Additionally, the S5D 
groups had no significant changes after 13 extract 
injections, compared to the normal saline group. 
The S5D was increased from 4 to 10.2 seconds 
(SD 1.5) in the extract group, which showed no 
significant differences (F12,36 = 0.51, P = 0.88) 
when compared to the saline group from 2.3 
seconds (SD 0.5) to 7.1 (SD 1) seconds.
 Similar to the 100 mg/kg of dill extract 
injection, the injection of 250 mg/kg of the same 
sample every 48 hours had no effects on the 
seizure parameters (Table 1). The injection of                             
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400 mg/kg aqueous dill extract every 48 hours                                                                                                           
had significant effects on the seizure parameters. 
The repeated measures ANOVA showed that           
the S2L in the group receiving the extract was 
increased from 89.6 seconds (SD 6.8) to 111.4 
seconds (SD 7.4), which showed significant 
changes compared to the saline group from 
90.7 seconds (SD 16.2) to 72.8 seconds (SD 6.2) 
seconds (F12,132 = 2.1; P < 0.05) (Figure 1a). The 
repeated measures ANOVA showed that the S4L 
in the extract injected group was increased from                                                                                                        
143.6 seconds (SD 26.5) to 297.2 seconds                                
(SD 17.3) and had significant differences (F12,168 = 
2.53, P < 0.01) compared to the group receiving 
saline from 138.1 seconds (SD 13.7) to 136.7 
seconds (SD 4.3) (Figure 1b). The S5D showed 
significant changes after 13 treatments of the 
dill extract (400 mg/kg) injection, compared to 
the saline group. The S5D showed an increase of                                                                                      
1.1 seconds (SD 0.3) to 2.2 seconds (SD 0.5) in 
the extract receiving group, which was significant 
when compared to the saline group from                               
1.3  seconds (SD 0.6) to 7.1 seconds (SD 1) (F12,72 = 
2.1, P = 0.02) (Figure 2). 

Table 1: Effect of aqueous extract of Dill (250 mg/kg) on stage 2 latency, stage 4 latency, and stage              
5 duration

Days of PTZ injections
Seizure Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13

Stage 2 latency 113.7 74.1 90 90 96 100.2 101.5 103.2 108.6 112.8 114.7 118.7 118.8

Stage 4 latency 89 73.5 61.4 62.9 76.1 76.8 83.2 87.5 90.8 90.5 92.9 95.5 97.6

Seizure duration 180 175.7 219.4 156.6 133.4 146 133.9 125.6 118.3 117.6 104.7 100.9 96.4

 The injection of 400 mg/kg of the aqueous 
dill extract every 48 hours resulted in a significant 
retardation of kindling acquisition. A two-way 
ANOVA and post hoc Tukey’s test showed that the 
average number of injections required to reach 
the fully kindled state (stage 5) or other seizure 
stages was significantly increased in the PTZ                                                                                                      
+ dill (400 mg/kg) group, when compared to the 
PTZ +saline group (P < 0.01) (Figure 3).
 During this part of the study, five mice died 
in the three groups: two animals in group three 
(100 mg/kg) died during the 11th injection and 
two animals in group four (250 mg/kg) died 
during the 10 and 11th injections. Ultimately, one 
mouse in group 5 (400 mg/kg) died during the 
12th injection.

Effect of the aqueous extract of dill leaves on 
PTZ- Kindled mice
 During the second part of this study, 
the effects of the dill extract (100, 250, and                                                                                                                
400 mg/kg) were studied on the seizure 
parameters in the kindled animals. As shown 
in Figure 4, only 400 mg/kg of the dill extract 

Figure 1: (a) Effect of aqueous extract of dill (400 mg/kg) on cumulative seizure, stage 2 latency and              
(b) cumulative seizure, stage 4 latency during pentylenetetrazol kindling. Values are means 
(SD) (cumulative). *P < 0.05, and **P < 0.01 when comparing the pentylenetetrazole (PTZ) + 
400 mg/kg and PTZ + saline groups (n = 10).
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Figure 4: Effect of intraperitoneal injection of 
aqueous extract of dill on seizure 
stage 2 latency (S2L), seizure stage 4 
latency (S4L), seizure stage 5 duration 
(S5D), and seizure duration (SD) 
in pentylenetetrazol (PTZ) kindled 
animals. Data are expressed as the 
base percentage of the PTZ+saline 
group. The aqueous extract of dill 
decreases the SD and S5D. Increase 
in S2L and S4L relative to the PTZ + 
saline group (n = 10). *P < 0.05.

Figure 2: Effect of aqueous extract of dill (400 
mg/kg) on seizure stage 5 duration 
during pentylenetetrazol (PTZ) 
kindling. Values are means (SD) *P < 
0.05, and **P < 0.01 and ***P < 001 
when compared to the PTZ + saline 
group (n = 10).

Figure 3: Effect of aqueous extract of dill (400 
mg/kg) on number of stimulations 
needed to achieve different seizure 
stages. There is a significant increase 
in the number of stimulations in all 
seizure stages. Values are means (SD) 
**P < 0.01 (n = 10).

manipulated the seizure parameters. The S2L in 
the dose of 400 mg/kg exhibited a 22.1% increase 
when compared with the saline group from                         
47.5 seconds (SD 8.3) in the saline group to                                                                                                             
58 seconds (SD 9.1) in the 400 mg/kg extract 
sample (P < 0.05). The S4L showed a 28.8% 
increase in the amount of 400 mg/kg when 
compared with the saline group from 95.1 seconds 
(SD 9.9) in the saline group to 122.5 seconds                                                                             
(SD 14.2) in the 400 mg/kg extract sample] 
(P < 0.05). S5D at 400 mg/kg showed a 35.6% 
reduction when compared to the saline group 
from 7 seconds (SD 1.3) in the saline group to                                                      
4.3 seconds (SD 3.5) in the 400 mg/kg extract 
sample (P < 0.05).

Discussion

 The results of the present study showed that 
the dill extract has anticonvulsant effects, and                                                                                                          
the injection of the dill extract sample at the 
dosage of 400 mg/kg, thirty minutes before 
injecting the PTZ could noticeably increase 
the S2L and S4L. Furthermore, the dose of                                                                               
400 mg/kg reduced the S5D, while the doses of 
100 mg/kg and 250 mg/kg showed no significant 
changes in the measured seizure parameters. 
 Medicinal herbs have fewer side effects 
than chemically synthesized drugs; therefore, 
they are considered to be good alternatives. 
The anticonvulsant effects of herbal medicines 
have been reported in various studies (21–24). 
Any possible antiepileptic effects have not 
been reported for dill extract, thus far, except 
in the cases of acute seizure in our group (25). 
Moreover, studies have been done in dill extract 
effects on blood sugar, lipids, and cholesterol 
(26,27), and dill extract has been investigated 
for its antibacterial activity (28,29). There have 
been reports about the antispasmodic activity of 
dill on the mouse ileum (30). In addition, it has 
been shown, that dill can block the entrance of 
calcium into gastrointestinal smooth muscles, 
and therefore reduce spasms and contractions. 
Because calcium entry is involved in cell (neuron) 
excitability, it can be suggested that dill is 
responsible for reducing PTZ induced convulsions 
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by blocking or reducing calcium channel activity, 
which decreases sodium and calcium entering 
the neurons; however, more studies should be 
undertaken to investigate this.
 Dill aromatic constituents include D-carvone 
and D-limonene (31). D-carvone belongs to 
the terpenoid group and has a large chemical 
structure. Monoterpenes have anti-inflammatory, 
antinociceptive, and anticonvulsant bioactivities 
(32), and the +D–carvone antiepileptic role in 
PTZ models has been reported (33). In the newly 
released data, this crucial role was related to the 
D-carvone epoxy structure (34). Furthermore the 
antinociceptive activity of D-limonene in mice 
has been detected, and it is believed that this 
agent blocks the production and/or release of 
inflammatory mediators which cause seizure (35). 
Prostaglandins are known as proconvulsants, 
blocking inflammatory mediators and deferring 
and reducing seizure (36,37). It can be suggested 
that D-limonene is responsible for the dill 
anticonvulsive activity in PTZ induced seizure.

Conclusion

 Based on these results, it may be postulated 
that dill has anticonvulsant effects. There have 
been contraindications; including resistance, 
side effects, and many adverse effects observed in 
anticonvulsant chemically synthesized drugs, so 
it is desirable to produce herbal medicines with 
fewer side effects for treating severe neurological 
disorders. Herbs are a powerful source for the 
pharmaceutical market, and among these various 
plants, dill extract has exhibited protective effects 
on the central nervous system which could 
decrease epileptic convulsions.
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