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Introduction

Seizure is a temporary dysfunction of the brain caused by 
an excessive and abnormal discharge of cortical neurons. 
Epilepsy is a central nervous system disorder characterized 
by repetitive seizures that usually occur without provoca-
tion due to a genetic predisposition or an underlying chronic 
pathological condition. Epileptic seizures are related to a 
change in ion transport mechanisms in neuronal networks 
and directly cause the imbalance of the excitation–inhibi-
tion and indirectly cause oxidative stress and neuroinflam-
mation [1–3]. Stress is one of the most important stimuli of 
seizure that can exacerbate it [4].

Among the various neurotransmitters and their receptors, 
induced changes in the GABAergic-glutamatergic systems 
and NMDA receptors are important in increasing the excit-
ability of pentylenetetrazole (PTZ)-kindled neocortex [5]. 
Various studies have shown that the GABAergic system 
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Abstract
Hyssopus officinalis L. is one of the most important medicinal plants in traditional medicine used to treat seizures. In this 
study, we assessed the effects of H. officinalis hydroalcoholic extract against pentylenetetrazol (PTZ)-induced seizures in 
rat. The anti-seizure activity of the extract was assessed in three doses of 25, 50, and 100 mg/kg. Kindling was induced by 
intraperitoneal injection of PTZ (35 mg/kg) every 48 h, and H. officinalis extract was administered daily and behavioral 
tests performed. The possible involvement of GABA receptors in the extract activity was investigated using flumazenil. 
Tonic seizure threshold and mortality rate were measured following intraperitoneal injection of 60  mg/kg PTZ on the 
14th day, following 14 days administration of H. officinalis hydroalcoholic extract. Blood and hippocampus samples were 
prepared to measure brain and serum antioxidant capacity, malondialdehyde (MDA), and nitric oxide (NO). Finally, the 
expression of GABA receptor gene in brain tissue was investigated. H. officinalis extract increased tonic seizure threshold 
and decreased mortality due to PTZ. Flumazenil, as a GABA receptor antagonist, reduced the tonic seizure threshold. 
Extract treatment significantly improved memory and learning, increased brain antioxidant capacity, decreased brain MDA 
and NO in kindled rats. It also increased GABA receptor gene expression in pre-treated groups compared to the negative 
control group. H. officinalis extract probably exerts potential antiepileptic effects through the GABAergic system. Also, 
H. officinalis extract has a supportive effect against hippocampal neuronal damage and improves memory and learning 
in kindled rats.
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plays an important role in the coordination of local neural 
networks, the communication of brain areas and their func-
tion [6, 7]. PTZ kindling is a model for chronic epilepsy 
that primarily affects the cortex [8]. The structure of PTZ 
action in the development of epileptic seizures involves 
competitive inhibition of GABA receptors and inactivation 
of chlorine channels, and is widely used to induce epilepsy 
in laboratory animals [9, 10].

Hyssopus officinalis L. belongs to the family Lamiaceae 
[11]. The main constituents of H. officinalis extract include 
various polyphenolic compounds, such as flavonoids, api-
genin, quercetin, diosmin, luteolin, and caffeic acids [12]. 
In traditional medicine, H. officinalis is used to treat respi-
ratory, urinary, and gastrointestinal infections [13]. It has 
been reported to exert antioxidant, anti-inflammatory, anti-
convulsive, and anti-depressant effects [14–16]. The healing 
properties of H. officinalis against convulsive seizures have 
not yet been investigated; therefore, the current study was 
aimed to investigate the therapeutic effects of H. officinalis 
hydroalcoholic extract against PTZ-induced convulsive sei-
zures in the rat.

Materials and Methods

Plant Material and Extraction

After preparation of the aerial parts of the plant from a repu-
table store and authentication of its scientific name by a bot-
anist, H. officinalis was registered with herbarium number 
177 in the Medicinal Plants Research Center at Shahrekord 
University of Medical Sciences. Extraction was performed 
by maceration. The powdered sample of the aerial parts 
of the plant was mixed with 70% alcohol; after 72 h, the 
extract was filtered and concentrated in a rotary apparatus. 
To conduct final drying, the concentrated extract was incu-
bated at 37 °C [17].

Determination of Antioxidant Capacity of the 
Extract and Measuring Total Phenolic and Flavonoid 
Content

After the stock of extract and DPPH was prepared, the sam-
ple was incubated in the dark for 15 min and the absorbance 
of the samples was read by spectrophotometer at 517 nm 
wavelength. Methanol was used as blank and methanol plus 
DPPH was considered a control. After calculating the inhi-
bition rate of free radicals by the extract, the antioxidant 
activity was calculated as IC50 [18]. The total phenol of 
H. officinalis was measured by Folin-Ciocalteau reagent 
and aluminum chloride colorimetric method. The experi-
ments were conducted in triplicate and the total phenol 

and flavonoid contents of the extract were measured and 
reported in mg/g dried extract [19, 20].

Animal Grouping and Study Design

Adult male Wistar rats weighing 200–250 g were kept under 
standard laboratory conditions (12-hour periods of darkness 
and light, at 22 ± 2 °C, and free access to water and food). 
Animals were divided into the following groups (n = 10): 
Negative control group received normal saline daily and 
35 mg/kg PTZ every 48 h; positive control group received 
2 mg/kg diazepam (daily) 30 min before receiving 35 mg/
kg PTZ (every 48 h); the animals in sham group were given 
only normal saline daily; H. officinalis extract-treated 
groups received the extract with doses of 25, 50, 100 mg/
kg (daily) 30  min before receiving 35  mg/kg PTZ (every 
48 h). It should be noted that due to the high rate of mor-
tality following injection of high dose of PTZ on 14th day 
(60 mg/kg), this group was used for behavior and biochemi-
cal evaluations, not for seizure experiment.

To evaluated the probable involvement of benzodiazepine 
receptors in the anti-seizure action of the extract we then 
used flumazenil as a benzodiazepine antagonist and 50 mg/
kg extract as the best effective dose. This group received 
50 mg/kg extract 30 min before receiving 0.5 mg/kg fluma-
zenil, and 60 mg/kg PTZ 30 min later. This group was called 
flumazenil group and was compared with the group which 
received the same drugs without flumazenil.

All injections were performed intraperitoneally. PTZ was 
freshly prepared daily and was administered to the studied 
groups at 35 mg/kg every 48 h for 14 days. On the last day, 
tonic seizure threshold and mortality percent was recorded 
during 30 min by the camera and observed accurately after 
intraperitoneal injection of 60  mg/kg PTZ in all groups 
[21]. Treatment with H. officinalis extract was performed 
daily (Fig. 1). Finally, rats underwent deep anesthesia with 
interaperitoneal injection of ketamine (60 mg/kg) and xyla-
zine (10 mg/kg) [22, 23], and the blood samples were taken 
from the hearts. Then, hippocampus was separated on the 
ice and analyzed biochemically. The hippocampus was 
placed in formaldehyde 10% to conduct histopathological 
investigations.

Behavior Tests

Behavior tests, including Morris Water Maze test and Shut-
tle box were performed on 13th day of the experiment (after 
training as follows) to evaluate spatial memory and passive 
avoidance memory, respectively.
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Morris Water maze test

In this test, each rat was trained in a maze for 4 days and 
4 times a day. In each experiment, the rat was randomly 
placed to one side of the maze. Each rat was given an 
opportunity of 60 s to find the platform. The rats were given 
30  s rest between the two trials to examine the surround-
ings. Rats were removed from the water for approximately 
10 min between the blocks and rested in cages. On the day 
5 that was probe day only once performed without the plat-
form [24].

Shuttle box test

This test was performed for 4 days. On days 1 and 2, each 
mouse was placed in the instrument and placed for 5 min 
to adapt to it. An acquisition test was performed on day 3. 
The mice were placed individually in a lighted room. After a 
period of adaptation (2 min), the guillotine door was opened 
and after the rat entered the dark room, the door was closed 
and an electric shock was applied to the rat to the extent that 
it only paddled (1 mA, 1 s, 1 time). In this test, the primary 
latency (t1) to enter the dark room was recorded on day 3 
and secondary latency (t2) was recorded on day 4 [25].

Measuring the Brain and Serum Antioxidant 
Capacity

The antioxidant power of the serum and brain was deter-
mined by measuring its ability to reduce ferric-tripiridyl-
triazine (Fe3+-TPTZ) to a ferrous form (Fe2+) using FRAP 
method and a complex formed between Fe3+ and TPTZ 
that created a blue color. Its absorbance was calculated at 
593 nm [26].

Measuring the Brain and Serum MDA Levels

Serum/homogeneous brain tissue (200 µl) was mixed with 
1.5 ml of acetic acid 20%, 1.5 ml of thiobarbituric acid 
(0.8%), and 200 µl of SDS 8.1%, and boiled in a bain-marie 
of boiling water for 60 min. Then, the samples were cooled 
and 1 ml of distilled water and 5 ml of n-butanol-pyridine 
mixture were added and the tubes were shaken. The mix-
ture was centrifuged at 4000 rpm for 10 min and the opti-
cal absorbance of the supernatant was recorded at 523 nm 
wavelength [26].

Measuring the Brain and Serum NO Levels

Brain and serum sample (100 µl) was poured in triplicate 
into a 96-well plate and then 100 µl of sulfanilamide solu-
tion (1 g of sulfanilamide in 100 ml of phosphoric acid 5%) 
was added to it. The plate was incubated for 5–10 min in 
the dark at ambient temperature. N-1-naphthylnethylene-
diamine (NEDD) solution (50 µl) was added to the wells 
and incubated for 30 min at ambient temperature, and then 
the optical absorbance was read at 540 nm wavelength by 
ELISA. The amount of nitrite in the samples was deter-
mined using the standard curve [26].

Histopathological Investigations

For histological investigations, the rat was anesthetized, the 
brain was removed from the skull and placed in 10% fixa-
tive solution. After a few days, the samples were subjected 
to dewatering, clarification, paraffin immersion, and finally 
dominance. After dominance, 5 μm thick sections were pre-
pared using microtome and stained with hematoxylin eosin 
(H&E). Then, these sections were examined and photo-
graphed using an optical microscope.

Fig. 1  The timeline diagram for 
test protocols
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analyzed by one-way ANOVA and Tukey’s post hoc tests. 
The level of significance was considered at P < 0.05.

Results

Antioxidant Potency by DPPH Method and Total 
Phenol and Flavonoid Content

Scavenging the capacity of radicals and antioxidant activity 
of hydroalcoholic H. officinalis (IC50) was derived about 
268.51 ± 0.03  µg/ml. The total phenol and flavonoid con-
tents of H. officinalis extract were derived 26.41 ± 0.01 mg 
GAE/g dry extract and 18.24 ± 0.01 mg RE/g dry extract.

The Threshold of Tonic Seizure

The threshold of tonic seizure was significantly higher in 
the positive control group than in the negative control group 
(P < 0.001). The threshold of tonic seizure was significantly 
higher in the group receiving 50 and 100 mg/kg doses of the 
extract plus PTZ than the negative control group (P < 0.001 
and P < 0.01, respectively). The threshold of tonic seizure 
was significantly lower in the group receiving 25  mg/kg 
extract plus PTZ than the positive control group (P < 0.05). 
There was no significant difference between the groups 
receiving the extract and PTZ. The threshold of tonic seizure 
was lower in the group receiving flumazenil with 50 mg/kg 
extract and PTZ than the group receiving 50 mg/kg extract 
plus PTZ (P < 0.01) (Fig. 2).

Gamma-aminobutyric acid type A Receptor alpha4 
Subunit gene Expression

Total RNA was extracted from hippocampus tissue using 
the RNeasy Lipid Tissue Mini Kit (cat. no. 74,804; Qiagen) 
according to the manufacturer’s protocol. RNA purity was 
tested by Thermo Scientific™ NanoDrop 2000. One µg 
of total RNA was used in a reverse-transcription reaction 
utilizing random hexamer primers according to the manu-
facturer’s protocol (TaKaRa, Japan). Next, 1 µL of cDNA 
Synthesis Kit (Oligo Co) was amplified in the Step One 
plus Real-Time PCR thermal cycler (Rotor Gene 3000) in 
a total volume of 10 µL containing 5 µL of SYBR Green 
Master Mix (TaKaRa, Japan) along with gene-specific prim-
ers. Transcript levels of target genes were normalized to 
the expression level of beta actin. Differential expression 
was analyzed according to the 2-ΔΔCt method. Primer pairs 
(Table 1) were designed by the oligo (Version 7) and Perl-
primer softwares and synthesized by oligo (Germany).

Data Analysis

Statistical analysis of the data was performed using Prism 
5 software. Data were presented as Means ± SEM and 

Table 1  The PCR primer’s sequences
Genes Forward Reverse
Β actin GCTCTCTTCCAGCCTTCCTTCCT CATCCTGT-

CAGCAAT-
GCCTGGGT

GABAA 
R4α

CAGACATATATCCCGTGCATCA CAGACAGCTAT-
GAACCAATCCA

Fig. 2  The effect of various doses of 
Hyssopus officinalis extract on seizure 
threshold in pentylenetetrazol (PTZ)-
induced seizures. Neg Cont: the rat group 
receiving normal saline with PTZ; Pos 
Cont: the group receiving 2 mg/kg diaz-
epam with PTZ; PE 25, 50 and 100: the 
groups receiving the extract at doses 25, 
50, and 100 mg/kg with PTZ. Flu + PE50: 
the group receiving flumazenil (benzodi-
azepine receptor antagonist) and 50 mg/
kg extract with PTZ. **P < 0.01 and 
***P < 0.001: compared to the Neg Cont 
group, $P < 0.05: compared to pos Cont 
group. ##P < 0.01: compared to the group 
receiving 50 mg/kg extract with PTZ.
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Spatial Learning in the Morris Water Maze Test

The one-way ANOVA results on day 1 showed that there was 
no significant difference between different groups (P > 0.05). 
The results on day 2 showed that the latency of finding the 
platform was significantly lower in the sham group and the 
group receiving 50 mg/kg extract than the negative control 
group (P < 0.001 and P < 0.05, respectively). The latency 
of finding the platform on day 3 was significantly lower in 
the positive control group than the negative control group 
(P < 0.01). Also, the latency of finding the platform was sig-
nificantly lower in the sham group and the groups receiving 
the extract at doses 25, 50, and 100 mg/kg plus PTZ than the 
negative control group (P < 0.001).

On day 4, there was a significant difference between dif-
ferent groups (P < 0.001). The latency of finding the plat-
form was significantly lower in the positive control group 
and the groups receiving 25 and 100 mg/kg extract (P < 0.01) 
and also in the sham group and the group receiving 50 mg/
kg extract than the negative control group (P < 0.001). The 
latency of finding the platform was significantly lower in the 
group receiving 50 mg/kg extract plus PTZ than the group 
receiving 100 mg/kg extract plus PTZ (P < 0.05). There was 
no significant difference between the groups receiving the 
extract plus PTZ and the positive control group on all days 
under study (P > 0.05) (Fig. 4).

Spatial Learning on Probe day in Morris Water maze 
test

The swimming time in the target quarter was significantly 
lower in the negative control group than the other groups 
(P < 0.001). There was no significant difference between the 
groups receiving the extract plus PTZ and the positive con-
trol group (P > 0.05) (Fig. 5).

Mortality Percent

The Chi-square results showed that there was a significant 
difference between different groups (P < 0.001). Tukey’s 
post test showed that the mortality rate was 0% in the posi-
tive control group and the groups receiving 25, 50, and 
100 mg/kg extract plus PTZ, with a significant difference 
compared to the PTZ group (P < 0.001). The mortality rate 
was significantly higher in the group receiving flumazenil 
with 50  mg/kg extract and PTZ than the group receiving 
50 mg/kg extract plus PTZ (P < 0.05) (Fig. 3).

Fig. 4  The effect of various doses 
of Hyssopus officinalis extract 
on spatial learning (Morris water 
maze test), in pentylenetetrazol 
(PTZ)-induced seizures. Neg 
Cont: the group receiving normal 
saline with PTZ; Pos Cont: the 
group receiving 2 mg/kg diaz-
epam with PTZ; sham group; the 
group receiving 1 ml/kg normal 
saline but not PTZ; PE 25, 50 
and 100: the groups receiving 
the extract at doses 25, 50, and 
100 mg/kg with PTZ. **P < 0.01 
and ***P < 0.001; compared to 
the Neg Cont group. †P < 0.05; 
comparison between the PE50 
and PE100 groups

 

Fig. 3  Mortality percent in various groups of rats receiving pentyl-
enetetrazol (PTZ). Neg Cont: the group receiving normal saline with 
PTZ; Pos Cont: the group receiving 2 mg/kg diazepam and PTZ; PE 
25, 50 and 100: the groups receiving the extract at doses 25, 50, and 
100 mg/kg with PTZ; Flu + PE50 group: the group receiving fluma-
zenil, 50 mg/kg extract, and PTZ. ***P < 0.001: compared to the Neg 
Cont group, #P < 0.05: compared to the PE50 group
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kg extract plus PTZ than the positive control group (P < 0.05 
and P < 0.01, respectively) (Fig. 6).

The Brain and Serum Antioxidant Capacity

The brain antioxidant capacity was significantly higher in 
the positive control group and the groups receiving 25, 50, 
and 100 mg/kg extract plus PTZ and the sham group than 
the negative control group (P < 0.001, P < 0.01, P < 0.001, 
P < 0.001, P < 0.05, respectively). The brain antioxidant 
capacity was significantly lower in the group receiving 
25 mg/kg extract plus PTZ than the positive control group 
(P < 0.05). This parameter was lower in other groups receiv-
ing the extract than the positive control group, but this 
decrease was not significant (P > 0.05). The brain antioxi-
dant capacity was significantly lower in the group receiving 
flumazenil with 50 mg/kg extract and PTZ than the group 
receiving 50 mg/kg extract plus PTZ (P < 0.001).

The serum antioxidant capacity was significantly higher 
in the positive control group and the group receiving 25, 50, 
and 100 mg/kg extract plus PTZ than the negative control 
group (P < 0.001, P < 0.05, P < 0.001, P < 0.05, respectively). 
The serum antioxidant was significantly higher in the group 
receiving flumazenil with 50 mg/kg extract and PTZ than 
the group receiving 50  mg/kg extract plus PTZ (P < 0.05) 
(Fig. 7).

The Brain and Serum MDA

The brain MDA was significantly lower in the positive 
control, sham group, and the groups receiving 25, 50 and 
100 mg/kg extract plus PTZ than the negative control group 
(P < 0.001). The brain MDA was significantly higher in the 

Passive Avoidance Memory in Shuttle Box Test

The primary latency was significantly higher in the negative 
control group than in the other groups (P < 0.001). There was 
no significant difference between the groups receiving the 
extract plus PTZ and the positive control group (P > 0.05). 
Secondary latency was significantly higher in the positive 
control group, sham group and the groups receiving 50 and 
100 mg/kg extract plus PTZ than the negative control group 
(P < 0.001). This parameter was significantly higher in the 
group receiving 25 mg/kg extract and PTZ than in the nega-
tive control group (P < 0.01). The secondary latency was 
significantly lower in the groups receiving 25 and 100 mg/

Fig. 6  The effect of various doses 
of Hyssopus officinalis extract 
on passive avoidance memory 
(shuttle box test) in pentylene-
tetrazol (PTZ)-induced seizures. 
Neg Cont: the group receiving 
normal saline with PTZ; Pos 
Cont: the group receiving 2 mg/
kg diazepam with PTZ; sham 
group: the group receiving 1 ml/
kg normal saline but not PTZ; 
PE 25, 50 and 100: the groups 
receiving the extract at doses 
25, 50, and 100 mg/kg with 
PTZ. ***P < 0.001; compared to 
initial latency in the Neg Cont 
group, ++P < 0.01, +++P < 0.001; 
compared to secondary latency in 
the Neg Cont group, $$P < 0.01; 
compared to secondary latency 
in the Pos Cont group, †P < 0.05; 
compared to secondary latency in 
the PE25 and PE50 groups

 

Fig. 5  The effect of various doses of Hyssopus officinalis extract on 
spatial learning of the prob day (Morris water maze test), in pentylene-
tetrazol (PTZ)-induced seizures. Neg Cont: the group receiving normal 
saline with PTZ; Pos Cont: the group receiving 2 mg/kg diazepam with 
PTZ; sham group: the group receiving 1 ml/kg normal saline but not 
PTZ; PE 25, 50 and 100: the groups receiving the extract at doses 25, 
50, and 100 mg/kg with PTZ. ***P < 0.001; compared to the Neg Cont 
group
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(P < 0.001). The serum MDA was significantly higher in 
the group receiving flumazenil with 50 mg/kg extract and 
PTZ than the group receiving 50 mg/kg plus PTZ (P < 0.05) 
(Fig. 8).

groups receiving 25, 50, and 100 mg/kg extract plus PTZ 
than the positive control group (P < 0.001). The brain MDA 
was significantly higher in the group receiving flumazenil 
with 50  mg/kg extract and PTZ than the group receiving 
50 mg/kg extract plus PTZ (P < 0.05).

The serum MDA was significantly lower in the positive 
control, sham group, and the groups receiving 25, 50, and 
100 mg/kg extract plus PTZ than the negative control group 

Fig. 8  The effect of various doses of Hyssopus officinalis extract on 
the brain and serum malondialdehyde (MDA) in pentylenetetrazol 
(PTZ)-induced seizures. Neg Cont: the group receiving normal saline 
with PTZ; Pos Cont: the group receiving 2 mg/kg diazepam with PTZ; 
sham group: the group receiving 1 ml/kg normal saline, PE 25, 50 

and 100: the groups receiving the extract at doses 25, 50, and 100 mg/
kg with PTZ. Flu + PE50: the group receiving flumazenil and 50 mg/
kg extract with PTZ. ***P < 0.001, compared to the Neg Cont group; 
$$$P < 0.001, compared to the Pos Cont group; ##P < 0.01, #P < 0.05: 
comparison of the Flu + PE50 group and PE50 group

 

Fig. 7  The effect of various doses of Hyssopus officinalis extract on 
the brain and serum antioxidant capacities in pentylenetetrazol (PTZ)-
induced seizures. Neg Cont: the group receiving normal saline with 
PTZ; Pos Cont: the group receiving 2  mg/kg diazepam with PTZ; 
sham group; the group receiving 1 ml/kg normal saline but not PTZ; 

PE 25, 50, and 100: the groups receiving the extract at doses 25, 50, 
and 100 mg/kg with PTZ; Flu + PE50: the group receiving flumazenil 
and 50 mg/kg extract, and PTZ. *P < 0.05, **P < 0.01 and ***P < 0.001; 
compared to the Neg Cont group; $$$P < 0.001; compared to the Pos 
Cont group, ###P < 0.001; compared to the Flu + PE50 group and the 
PE50 group
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The Brain and Serum Nitric Oxide

The brain nitric oxide was significantly lower in the sham 
group than the negative control group (P < 0.05). The brain 
nitric oxide was lower in other groups than the negative con-
trol group, but this decrease was not significant (P > 0.05). 
Significant difference was not observed between the groups 
receiving the extract plus PTZ and the positive control 
group (P > 0.05).

Results showed that the serum nitric oxide was signifi-
cantly lower in the sham group than the negative control 
group (P < 0.01). The serum nitric oxide was lower in other 
groups than the negative control group but this decrease 
was not significant (P > 0.05). Significant difference was not 
observed between the groups receiving the extract plus PTZ 
and the positive control group (P > 0.05) (Fig. 9).

Histological Changes

The results of histological pathology in all groups are shown 
in Fig.  10 In microscopic observations, the hippocampal 
tissue in the sham rats was intact. In hippocampal tissue 
samples in the negative control group, the number of pyra-
midal cells decreased and, in some areas, no pyramidal cells 
were observed. In hippocampal tissue samples in the posi-
tive control group, a number of granular cells in the ​​dentate 
gyrus were destroyed. The cells in the molecular region, 
especially small cells in the CA1 and CA2, decreased and 
gliosis increased. In hippocampal tissue samples in the 
group receiving 25  mg/kg extract plus PTZ, a number of 
small pyramidal cells in the C1 and C2 were destroyed. Cell 

Fig. 10  The effect of various doses of Hyssopus officinalis extract on 
hippocampal structure in pentylenetetrazol (PTZ)-induced seizures. A: 
Hippocampal structure in the sham group; layers and cells are normal; 
a: Granular layer, b: Molecular layer. B: Hippocampal structure in neg-
ative control group; a: Reduction of granular layer cells, b: Scattering 
of granular cells, c: Reduction of molecular layer cells, d: Cell vacuol-
ization. C: Hippocampal structure in positive control group; the layers 
and cells are almost normal; a: Decreased granular layer cells in some 
areas. D: Structure of the hippocampus in the group receiving 25 mg/
kg extract; a: Reduction and scattering of cells in the pyramidal region. 
E: Hippocampal structure in the group receiving 50 mg/kg extract; a: 
Gliosis in the molecular area, b: Cell enlargement in molecular area. 
F: Hippocampal structure in the group receiving 100 mg/kg extract; a: 
Apoptosis, b: Gliosis. G: Hippocampal structure in the group receiving 
flumazenil and extract; a: Severe cell scattering in the dentate gyrus, 
b: Reduction and scattering of cells in the C4, c: Reduction of cells in 
the C3

 

Fig. 9  The effect of various doses of Hyssopus officinalis extract on 
the brain and serum nitric oxide in pentylenetetrazol (PTZ)-induced 
seizures. Neg Cont: the group receiving normal saline with PTZ; Pos 
Cont: the group receiving 2 mg/kg diazepam with PTZ; sham group: 

the group receiving 1 ml/kg normal saline; PE 25, 50 and 100: the 
groups receiving the extract at doses 25, 50, and 100 mg/kg with PTZ; 
Flu + PE50: the group receiving flumazenil and 50 mg/kg extract with 
PTZ. *P < 0.05, **P < 0.01; compared to the Neg Cont group
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Discussion

Because PTZ at 60 mg/kg leads to death by inducing tonic 
contractions and generalized tonic-clonic seizures [27], we 
used this dose to induce seizures. In this study, hydroal-
coholic H. officinalis extract could increase the threshold 
of tonic seizures and reduce the mortality rate in a PTZ-
induced kindling rat model. Diazepam was used to compare 
the anticonvulsant capability of the plant extract. Diazepam, 
the same as other benzodiazepines, acts by effect on GABA 
receptors and eventually chlorine ions entering neurons 
[28]. Our results showed that diazepam at 2  mg/kg dose 
produced a stronger effect than the extract in inhibiting sei-
zure. Therefore, it may be concluded that this dose of the 
extract is not sufficiently strong compared to the diazepam. 
Also, Flumazenil (a specific GABAA receptor antagonist) 
was used to investigate the mechanism action of H. offici-
nalis extract on PTZ-induced kindling. The results showed 
that this substance reduced the antiepileptic effect of the 
plant extract in rats. Therefore, one of the main mechanisms 
involved in its anticonvulsant effect may be stimulation of 
the GABA system and benzodiazepine receptors. One of 
the basic mechanisms of anticonvulsant effect is the activa-
tion of the inhibitory GABA system, and benzodiazepines 
play an essential role in stabilizing the nervous system [29]. 
In the study of Fatahizad et al. (2011), apigenin 7-O-β-D-
glucuronide was extracted as one of the most important fla-
vonoids in H. officinalis extract [13].

Some H. officinalis flavonoids exhibit benzodiazepine-
like activity, one of which is apigenin. However, in one 
study, the affinity of apigenin for benzodiazepine receptors 
was low and its effect was not blocked by a specific benzo-
diazepine receptor antagonist [30, 31]. Because in our study, 
flumazenil injection reduced the effect of the hydroalcoholic 
plant extract on seizure, and the expression of GABA recep-
tor gene increased in the group receiving 50 mg/kg extract, 
it is highly likely that one of the mechanisms of H. offici-
nalis for reduction of seizure is related to the effect of the 
extract’s compounds on activating the brain’s benzodiaze-
pine-GABA system.

In the study of Hashemi et al. (2019), it was observed that 
epigenin had significant anticonvulsant activity, improved 
memory, and increased the number of living nerve cells in 
the hilus [32]. Also, it has been shown that epigenin inhibits 
glutamate secretion in the rat hippocampus [33]. Therefore, 
balancing between inhibitory and excitatory neurotransmit-
ters in the hippocampus can be another possible mechanism 
to explain the anticonvulsant activity of apigenin.

In one study, the effect of aqueous H. officinalis extract 
on PTZ-induced acute seizure and hippocampal iNOS 
gene expression was investigated. The results showed that 
100 mg/kg extract could delay the onset of stages 5 and 6 

thickness decreased and scattering was seen in the granular 
layer.

In hippocampal tissue samples in the group receiving 
50 mg/kg extract plus PTZ, granular layer was almost intact. 
The cells in some areas were scattered. Pyramidal cells were 
scattered in C1, C2, C3, and C4. The molecular layer of 
some glial cells was seen and some neurons increased in 
volume. In hippocampal tissue samples in the group receiv-
ing the extract at 100 mg/kg plus PTZ, cases of apoptosis 
and scattering in the granular layer were seen. Also, large 
and small pyramidal cells died and their number decreased 
and gliosis was seen. In hippocampal tissue samples in the 
group receiving flumazenil with 50 mg/kg extract and PTZ, 
granular cells in the dentate gyrus layer were dispersed and 
the number of pyramidal cells decreased. The thickness of 
the granular layer in the ​​CA1, CA2, and CA3 decreased. 
Also, cases of gliosis were observed.

Expression of GABAA Receptor Subunit 4α Gene

The gene expression of GABAA receptor subunit 4α gene 
significantly increased in the positive control group and also 
in the group receiving 50 mg/kg extract plus PTZ compared 
to the control group (P < 0.01 and P < 0.05, respectively). 
Although, the expression of this gene in other groups 
increased but this increase was not significant (P > 0.05) 
(Fig. 11).

Fig. 11  The effect of various doses of Hyssopus officinalis extract on 
the expression of GABAA receptor subunit α4 gene in pentylenetet-
razol (PTZ)-induced seizures. Neg Cont: the group receiving normal 
saline with PTZ; Pos Cont: the group receiving 2  mg/kg diazepam 
with PTZ; sham group: the group receiving 1 ml/kg normal saline; PE 
25, 50 and 100: the groups receiving the extract at doses 25, 50, and 
100 mg/kg with PTZ; Flu + PE50: the group receiving flumazenil and 
50 mg/kg extract with PTZ. **P < 0.01, *P < 0.05: compared to the Neg 
Cont group
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antioxidant. Moreover, our results showed that the brain 
antioxidant capacity was significantly decreased in the PTZ 
group and increased in the extract-treated groups. This result 
indicates the improvement of brain antioxidant capacity in 
kindled rats after receiving the extract. The study of antioxi-
dant capacity of the brain in the diazepam group compared 
to all extract-treated groups led to the hypothesis that diaz-
epam may have antioxidant properties. Serum antioxidant 
capacity was also decreased in PTZ group and increased in 
extract-treated groups.

MDA is the product of lipid peroxidation, which is com-
monly used as a measure of oxidative stress in cells [42]. In 
the present study, serum and brain MDA levels were higher 
in PTZ group than in other groups indicating damage due 
to seizure and lipid peroxidation. In addition, in the diaz-
epam, sham, and extract groups, MDA levels decreased 
compared to PTZ. In the group receiving flumazenil and the 
extract (50 mg/kg), an increase was observed in MDA level 
compared to the 50 mg/kg extract group, strengthening the 
possibility that the mechanism of action of H. officinalis is 
realized through the GABAergic system.

Flavonoids have antioxidant activity against free radi-
cals and are known as important agents for inhibiting lipid 
peroxidation [43]. It seems that the protective effect of this 
plant on seizures is due to the presence of these compounds. 
In addition, in the groups treated with H. officinalis, the 
antioxidant capacity of the brain and serum increased com-
pared to the PTZ group, which indicates the improvement 
of these variables after administration with the extract. This 
finding seems to be due to the protective effect of H. offi-
cinalis extract components in reducing lipid peroxidation.

Although the role of NO in the pathophysiology of epi-
lepsy remains unclear, observations show that NO causes the 
destruction of neurons and the proliferation of reactive glia, 
which may be involved in the pathogenesis of epilepsy [44]. 
In the present study, serum and brain NO levels increased 
in the PTZ group compared to other groups and decreased 
in the diazepam, sham, and extract-treated groups, but this 
decrease was not significant in any of the groups except for 
the sham group. Moreover, the level of NO in the flumazenil 
group increased compared to 50 mg/kg extract group, but 
this increase was not significant. One of the major biologi-
cal abnormalities in epileptogenesis and the brain of epilep-
tic patients is neuronal injury and death [45]. Studies have 
shown that in PTZ (administered in incremental doses)-
induced kindling epilepsy, neurons involved in learning and 
memory in the hippocampus (CA1, CA2 and dentate gyrus) 
and some amygdala neurons are damaged [34]. It has been 
reported that seizure may lead to morphological changes 
such as the production of dark neurons in brain tissue [46].

In the present study, it was found that changes in hip-
pocampal tissue were significantly different in the negative 

of seizure, which coincide with tonic-clonic attacks. Fur-
thermore, a significant increase in iNOS gene expression 
was observed at this dose, but at a dose of 200 mg/kg of 
the extract, delay and duration of seizure stages changed 
and were more similar to the results in the PTZ group [16]. 
Based on the results of the present study and the other stud-
ies, it seems that the doses of H. officinalis extract used in 
this study have antiepileptic effect. Seizure attacks lead to 
impaired memory and learning in the affected person [34]. 
The direct role of flavonoids in the acquisition, memory has 
already been described in a study involving neural signal-
ing-induced activation and gene expression in the brain [35].

The results of behavioral tests in this study showed that 
seizure in male Wistar rats reduced spatial memory and pas-
sive avoidance memory, while pretreatment with H. offi-
cinalis extract could improve spatial memory and passive 
avoidance memory following seizure in rats. In addition, 
the latency to find the platform in the target quarter in Mor-
ris water maze test was higher in all H. officinalis-treated 
groups than the PTZ (negative control) group.

Pentylenetetrazol injection has been shown to damage the 
CA1, CA3, and dentate regions of hippocampus, as well as 
some neurons of amygdala and entorhinal cortex, which are 
involved in memory and learning [34] explaining the pos-
sible reason for memory and learning deficits in epilepsy. 
Furthermore, dramatical oxidative stress enhancement in 
these regions of the brain, especially in hippocampus, fol-
lowing seizures increase the possibility of damage in these 
regions [36]. Therefore, the reduction of spatial learning and 
memory in the water maze test and increase of the latency 
time in shuttle box test in the present study can be resulted 
from these damages. Furthermore, antioxidants have been 
shown to increase the cell membrane stability and enhance 
neuron resistance against oxidative stress [37]. Learning 
and memory enhancement by H. officinalis, which had high 
level of antioxidant compounds and reduced seizure attacks 
may confirm the opinion of involving the pathogenesis of 
epilepsy and brain damage, especially the regions involved 
in memory and learning such as hippocampus [38]. In this 
regard, autophagy has also been shown to increase in some 
regions of the brain in epilepsy, and antioxidant agents can 
reduce autophagy and neuronal damage [39]. Therefore, at 
least in part, the beneficial effect of H. officinalis extract 
might be due to its neuroprotective effects in reducing dam-
age to hippocampal neurons following PTZ injection.

Recent studies have shown that oxidative stress and 
mitochondrial dysfunction can predispose the brain to epi-
leptic seizure. Thus, oxidative stress and the production of 
free radicals are now recognized as the cause and result of 
seizure [40, 41]. The results regarding TPC and TFC and 
antioxidant capacity of H. officinalis in the present study 
also confirm the high potential of this extract as a natural 
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