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Abstract 

 
Anethum graveolens or Dill (local name: Shevid) belongs to the family of Apiaceae (Umbelliferae) and is 
used traditionally for the treatment of convulsion and diabetes in Iran. This study aimed to investigate the 
effect of hydroalcoholic extract of A. graveolens leaves on the histology of the dentate gyrus of the 
hippocampus in the epileptic mice kindled by Pentylenetetrazole (PTZ). In this experimental study, the 
epileptic BALB/c mice kindled by PTZ were randomly divided into four groups of 10 animals each. Three 
experimental groups received 250, 500 and 750 mg/kg/day of A. graveolens extract for 21 days. The control 
group received phosphate-buffered saline (PBS). After the treatment period, the mice were anesthetized, and 
their hippocampi were dissected for the histopathological analysis, and immunohistochemical analysis for 
caspase-3 activity. Histopathological examinations showed that the mean numbers of the healthy neuronal 
cells in the dentate gyrus of the mice received 500 mg/kg/day of A. graveolens extracts were significantly 
higher than those of the mice received 250 and 750 mg/kg/day of the extracts as well as the control group (P 
< 0.05 and P < 0.001, respectively). In addition, the results of immunohistochemical analysis revealed that in 
mice treated with 500 mg/kg/day of A. graveolens; the numbers of caspase-3-positive cells in the dentate 
gyrus were significantly lower than those of the two other test and the control groups. The findings of this 
study suggest that 500 mg/kg/day of the A. graveolens extract could have protective effect on the dentate 
gyrus of the hippocampus in the epileptic mice. 
 
Keywords: Anethum graveolens; Dentate gyrus; Hippocampus; Epilepsy 
 

 
INTRODUCTION 

 
Epilepsy is one of the most common 

neurological disorders in humans and its 
incidence is 50.4 per 100,000 people (1). 
Approximately 1% of the general population is 
affected by epilepsy, and about 10% of them 
experience a seizure sometime during life (2). 
The long-term use of chemical drugs such as 
valproic acid in epileptic patients causes 
diverse side effects (3). In addition, these 
drugs treat only about 40% of the seizure 
cases, and in other cases, they only decrease 
the frequency of seizure attacks (4). In 
addition, the alcoholic beverages in the 
epileptic mice treated with valproic acid, cause 
damage to the small blood vessels in the 

central nervous system (5). Therefore, the 
medicinal plants usage instead of chemical 
drugs, due to lesser side effects and lesser 
interference with the biological reactions of 
the human body, seems to be useful to control 
the epilepsy. Today, many people in the 
developing countries use herbal medicines to 
treat epilepsy (6-11). One of the herbs with 
antiepileptic properties is Anethum graveolens. 
A. graveolens or Dill (local name: Shivid) 
belongs to the family of Apiaceae 
(Umbelliferae), and is found in abundance in 
the East of Iran and Southeastern of Europe. 
The phytochemical screening of this plant 
showed that its leaves were rich in tannins, 
steroids, terpenoids, flavonoids, and cardiac 
glycosides (12). A. graveolens is used 
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traditionally for treatment of convulsion and 
diabetes in Iran (13,14). Our colleagues in 
Sabzevar University of Medical Sciences 
reported that A. graveolens leaves extract has 
anticonvulsant activity against seizure induced 
by pentylenetetrazole (PTZ) in mice (15). 
Also, Rostampour and coworkers reported that 
hydroalcoholic extract of this plant, can delay 
the initiation time of myoclonic and tonic-
clonic seizures, and has a protective effect 
against mortality in PTZ-induced seizure in 
adult male mice (16). Moreover, A. graveolens 
has anti-hyperlipidemic and anti-fungal effects 
(17,18). Additionally, it has been shown that 
the A. graveolens leaves essential oil, has anti-
inflammatory activity through inhibitory effect 
on LPS-induced nitric oxide secretion from 
macrophages (19). 

One way to study epilepsy is seizure 
induction in animal models by injecting PTZ. 
It has been shown that PTZ induces moderate 
neurodegeneration in the hippocampus (20). 
The effects of hydroalcoholic extract of the A. 
graveolens on various organs of the body and 
seizure have been studied (15,21-26), 
nevertheless, no study has been yet performed 
in the case of its effects on the hippocampal 
dentate gyrus neuronal cells, in PTZ-induced 
epileptic models. The dentate gyrus of the 
hippocampus is a major region of the cerebral 
cortex, which is involved in adult neurons 
production and short-term memory. Therefore, 
this study aimed to investigate the effects of 
the hydroalcoholic extract of the A. graveolens 
leaves on the certain histological parameters of 
the dentate gyrus of the hippocampus in the 
PTZ-induced epileptic mice. Expression of 
caspase-3 as an indicator of apoptosis in the 
neuronal cells of the dentate was also 
investigated using immunohistochemistry 
method.  
 

MATERIALS AND METHODS 
 
Plant materials 

A. graveolens leaves were purchased from a 
local medicinal plant market in Sabzevar (Iran) 
and authenticated in the Ferdowsi University 
Herbarium (Mashhad, Iran). A voucher 
specimen (No. 293-0107-18) was deposited in 
the Herbarium of the Deparment of 

Pharmacognosy at School of Pharmacy in 
Mashhad University of Medical Siences, 
Mashhad, Iran for future reference. 
 
Hydroalcoholic extraction of A. graveolens 
leaves  

After cleaning and drying, the plants were 
ground. Then, the resulting powder were 
soaked with 80% ethanol at a ratio of 1 to 10 
(mass/volume) overnight on a shaker. 
Afterward, the mixture was filtered and 
concentrated at 40 ºC under reduced pressure 
using a rotary evaporator. Before injection to 
animals, the extract was dissolved in sterile 
PBS at desired concentrations. 
 
Mice and epilepsy induction  

In this experimental study, 40 male 
BALB/c mice (6-8 weeks old, 25–30 g) were 
provided from the animal house of Sabzevar 
University of Medical Sciences (Iran). They 
were handled in accordance with the National 
Institute of Health Guidelines for the Care           
and Use of Laboratory Animals (NIH 
Publications No. 80-23) revised in 1996. All 
animal experiments were approved by the 
Ethics Committee of Sabzevar University            
of Medical Science(reference number: 
IR.MEDSAB.REC.1394.198). Epilepsy was 
induced using Kindling method by an 
intraperitoneal injection of 37 mg/kg of PTZ 
(CAS 54-95-5, Sigma-Aldrich, USA) every 
other day for 24 days. The seizure behavior 
was observed after each PTZ injection. The mice 
showing generalized tonic–colonic seizure (fully 
kindled mice) were used for the study. 
 
Experimental groups 

Fully kindled mice were randomly divided 
into four groups of 10 animals each. Three 
experimental groups received intraperitoneally 
250, 500 and 750 mg/kg/day of the A. 
graveolens extract for 21 days, while the 
control group received PBS at the same time. 
After the treatment period, the mice were 
deeply anesthetized with ether and 
transcardially perfused with PBS followed by 
4% paraformaldehyde. Following perfusion, 
the hippocampi were dissected, fixed in 10% 
fresh-buffered formalin and embedded in 
paraffin wax for histopathological and 
immunohistochemical analysis. 
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Histopathological analysis  
Coronal serial sections (5 µm thick) were 

randomly taken from the paraffin-embedded 
hippocampi and stained with routine 
hematoxylin and eosin (H&E) staining 
method. For each group, the number of healthy 
neuronal cells in the dentate gyrus was 
counted separately by two pathologists in 40× 
microscope field of view (four fields for each 
specimen, 8 × 8 mm2 dimension). The number 
of healthy neuronal cells was calculated as 
mean ± SD for each group. 
 
Immunohistochemical detection of caspase-3  

Immunohistochemical detection of caspase-
3 was performed on formalin-fixed, paraffin-
embedded hippocampi. First, the sections on 
slides were deparaffinized in xylene and 
rehydrated in descending alcohol. After that, 
for antigen retrieval, they were pretreated in 10 
mmol/l citrate buffer (pH, 6.0) in a steamer. 
Then, the sections were immersed in 3% 
hydrogen peroxide for 10 minutes to eliminate 
the endogenous peroxidase activity. Finally, the 
sections were stained using polyclonal rabbit 
anti-mouse caspase-3 antibody (Cat #559565, 
PharMingen, USA), DAKO EnVision systems 
(K4006, Dako Corporation, USA) and 
chromogenic substrate, 3,3´ diaminobenzidine 
tetrahydrochloride (DAB) (27). 
 
Statistical analysis 

For data analysis, one way analysis of 
variance (ANOVA) was performed using 
SPSS software version 16 (SPSS Inc. USA). 
Supplementary analyses, including Duncan 
and Dunnett tests, were performed for pairwise 
comparison of means between experimental 
groups, and between the experimental groups   

groups, and between the experimental groups 
and the control group, respectively. In all 
cases, P < 0.05 was considered statistically 
significant. 
 

RESULTS 
 
Number of healthy neuronal cells in the 
dentate gyrus of the epileptic mice  

As shown in Table 1, the results of 
histopathological analysis, revealed that the 
number of healthy neuronal cells in the dentate 
gyrus of the epileptic mice treated with 
different doses of A. graveolens extract, were 
significantly higher than those of control group 
(P < 0.05). Meanwhile, treatment with 500 
mg/kg/day of the extract had a remarkable 
protective effect on the neuronal cells, in 
comparison with doses 250 and 750 mg/kg/day 
(P < 0.001). In addition, in the mice received 
500 mg/kg/day of the extract, the 
morphological changes of the neuronal cells 
such as nucleus condensation, nucleus 
margination and cytoplasmic acidophilia was 
lower than the other groups (Fig. 1).  
 
Expression of caspase-3  

Caspase-3 expression, as an indicator of 
apoptosis, was assessed by immuno-
histochemistry. As shown in Fig. 2, the 
number of caspase-3-positive neuronal cells in 
the dentate gyrus of the epileptic groups that 
received different doses of A. graveolens 
extract, was significantly lower than those of 
the control group. Meanwhile,  more 
pronounced reduction in  caspase-3 expression 
was observed in the mice treated                 
with 500 mg/kg/day of the extract.

Table 1. The number of healthy neuronal cells in the dentate gyrus of the hippocampus of epileptic mice treated 
with different doses of Anethum graveolens leaves extract. 

Group  Number of healthy neuronal cells (mean ± SD)  
Test group (250 mg/kg/day A. graveolens extract) 5.7 ± 2.1* 

Test group (500 mg/kg/day A. graveolens extract) 8.6 ± 2.7*’** 

Test group (750 mg/kg/day A. graveolens extract) 6.8 ± 2.3* 

Control group (phosphate-buffered saline) 3.8 ± 1.7 

* P < 0.05 in comparison with control group, and between test groups, based on ANOVA (Dunnett and Duncan test, respectively) 
** P < 0.001 in comparison with control group, based on ANOVA (Dunnett test) 
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Fig. 1. Histopathological features of the dentate gyrus of the hippocampus in the epileptic mice treated with different 
doses of the Anethum graveolens leaves extract. Lower morphological changes were seen in groups A; receiving 250, 
B; 500, and C; 750 mg/kg/day of the extract, in comparison with D; control group. White arrows show the healthy 
neuronal cells, but black arrows show the neuronal cells that underwent morphological changes including nucleus 
condensation, nucleus margination and cytoplasmic acidophilia. H&E staining. (at 400× magnification). More 
pronounced effects were observed with 500 mg/kg/day of the extract compared to other two test doses.  
 

 

 

 

Fig. 2. Immunohistochemical results of caspase-3 expression in the dentate gyrus of the hippocampus in the epileptic 
mice treated with different doses of Anethum graveolens leave extract. Lower immunoreactivity for caspase-3 (brown 
precipitate) was seen in groups A; receiving 250, B; 500, and C; 750 mg/kg/day of the extract, in comparison with D; 
control group. Brown precipitates (arrows) showed neuronal cells expressing caspase-3, as an indicator of apoptosis. (at 
400× magnification). More pronounced effects were observed with 500 mg/kg/day of the extract compared to other two 
test doses.  
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DISCUSSION 

 
This study aimed to investigate the effect of 

hydroalcoholic extract of the A. graveolens 
leaves on the histology of the dentate gyrus of 
the hippocampus in the epileptic mice kindled 
by PTZ. The results of this study showed that 
the hydroalcoholic extract of A. graveolens 
have protective effect on the dentate gyrus of 
the hippocampus in the PTZ-induced epileptic 
mice; hence the intraperitoneal injection of 
500 mg/kg/day of A. graveolens for 21 days 
could significantly protect the neuronal cells 
against the morphological changes and 
caspase-3 related apoptosis. These effects were 
also seen with 250 and 750 mg/kg/day of the 
extract, but to a lesser extent. This may 
indicate that 500 mg/kg/day, is an optimal 
dose for the A. graveolens extract to exert its 
protective effect on the dentate gyrus of the 
hippocampus in epileptic mice.  

PTZ kindling induces moderate 
neurodegeneration in the hippocampus (20). 
Recently, Nasser and coworkers reported that 
PTZ exposure significantly increased caspase-
3 and Bax (an apoptosis inducer) expression in 
the rat hippocampal neuronal cell cultures 
(28). Therefore, increased Bax and caspase-3 
expression can be responsible for neuronal cell 
death in the dentate gyrus of the hippocampus 
in the PTZ-induced epileptic mice. The results 
of this study showed that in the epileptic mice 
received A. graveolens extract, the number of 
caspase-3 positive neuronal cells were lower 
than those of the control mice. This may 
indicate the protective effect of the A. 
graveolens extract against the PTZ-induced 
apoptotic neurodegeneration, probably via 
inhibition of caspase-3 or by activating the 
anti-apoptotic proteins such as Bcl-2; however, 
the latter case needs further research for 
clarification.  

Another mechanism of the epileptic-
induced neuronal death, is oxidative stress. It 
has been shown that the reactive oxygen 
species may have a putative role in the seizure-
induced neuronal death (2). Recently, a study 
reported that A. graveolens  essential oil 
contains antioxidant compounds of limonene 
and sabinene (19). As pointed out earlier, our 

results also showed that the mean number of 
the healthy neuronal cells in the dentate gyrus 
of the hippocampus of the epileptic mice 
treated with A. graveolens extract, was higher 
compared to control mice. Therefore, the 
antioxidant activity of the A. graveolens 
extract may protect the dentate gyrus from 
deleterious effect of PTZ. 
 

CONCLUSION 
 
In conclusion, this study revealed the 

protective effect of hydroalcoholic extract of 
A. graveolens on the dentate gyrus of the 
hippocampus in the PTZ-induced epileptic 
mice. This finding not only proves the 
effectiveness of this plant in epileptic 
disorders, but also support the traditional use 
of A. graveolens for the epilepsy treatment in 
Iran. 
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