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Anticonvulsant Effects of Aerial Parts of
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of Benzodiazepine and Opioid Receptors
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Abstract
To evaluate the anticonvulsant activity of the aerial parts of Verbena officinalis used traditionally by local Iranians for the treatment
of convulsion. The anticonvulsant activity of the extract was assessed in pentylenetetrazole (PTZ) and maximal electroshock
(MES) induced seizures in mice. Diazepam was used as reference drug. In addition, for investigating the mechanism of V officinalis in
PTZ model, flumazenil and naloxone were injected before V officinalis. The extract showed no toxicity and significantly increased
the period taken before the onset and decreased the duration of the seizures induced by PTZ. In the MES test, V officinalis
displayed significant reduction in hind limb tonic extension duration in a dose-dependent manner. The results propose that
V officinalis ethanolic extract has anticonvulsant activity against seizure. It seems that these effects may be related to potentiating of
GABAergic system. Moreover, this study supports the use of this plant by local Iranians in order to treat convulsion.
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Epilepsy is one of the most serious neurological conditions.

Although several anticonvulsant drugs are used to treat seizure

attacks, about 30% of patients are medicated incompletely. The

current therapeutic management of epilepsy with modern anti-

epileptic drugs is associated with side effects, dose-related

chronic toxicity, and teratogenic effects. Also, it necessitates

search for new therapeutic compounds for better treatment of

epileptic disorders.1,2 Natural products from folk remedies

have contributed significantly in the discovery of modern drugs

because they have had potential different mechanisms and

lower toxicity.3 Vervain, Verbena officinalis L (Verbenaceae)

is a perennial flowering plant native to Iran and Europe, which

has nearly a 200-year history of use in traditional folk medicine

for the treatment of several diseases. It has been used as seda-

tive, relaxant, nerve tonic, gastroprotective, anti-inflammatory,

analgesic, and antidepressant.4-6 The aerial parts of V officinalis

have been effectively used to alleviate conditions of anxiety,

insomnia, and nervous irritability. Aqueous extract of V

officinalis can significantly decrease sleep latency and increase

the sleeping time of Sprague-Dawley rats that is reversed by

flumazenil.7 Braga et al8 showed a dose-dependent antinocicep-

tive activity of verbena genus that may be due to an agonistic

effect of this plant on opioidergic system. Since there are some

reports on the use of Vervain for the treatment of central nervous

system diseases and its sedative and antinociceptive effects, the

anticonvulsant activity and probable involvement of GABAergic

and opioid systems of ethanolic extract of V officinalis were

evaluated in this study.
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Methods

Plant Material

The aerial parts of V officinalis were collected from the Golestan

Province, Iran during April 2013. The aerial parts were identified and

authenticated by Mis Farahmand, a plant taxonomist at the Iranian

Biological Resource Center, where a voucher specimen with the num-

ber (1110) was deposited.

Preparation of Verbena officinalis Ethanol Extract
(VOEE)

Dried aerial parts were milled into powder using a commercial grin-

der. The coarse powder (100 g) was extracted with 95% ethanol for 72

hours by refluxing extraction. The extract was then concentrated with

a rotary evaporator apparatus at a temperature not exceeding 40�C.

For animal experiments, VOEE was dissolved in carboxymethylcel-

lulose 1%.

Animals

The experimental protocols used in this study were approved by the

Ethics and Animal Care Committee of Tehran University of Medical

Sciences and were performed in accordance with the National Institute

of Health Guidelines for the Care and Use of Laboratory Animals.

Male NMRI mice weighing 26 + 3 g (Razi Institute, Karaj, Iran) were

used in this study. The animals were housed in standard polycarbonate

cages in groups of 4 to 5 and kept in a temperature-controlled room

(22�C) with a 12-hour light/12-hour dark cycle. Animals acclimated at

least 2 days before experiments with free access to food and water. All

procedures were carried out in accordance with institutional guide-

lines for animal care and use. The groups consisted of at least 6

animals, each animal used only once. Additionally, effort was made

to reduce animal suffering and to use the number of animals necessary

to produce reliable scientific data.

Drugs and Chemicals

Drugs used as follows: pentylenetetrazole (PTZ; Sigma, St Louis, MO,

USA), flumazenil ampoule (2 mg/kg) (Roche, Switzerland), diazepam

(Chemidaru, Iran), naloxone (Tolid Daru, Iran). PTZ, diazepam, and

naloxone were dissolved in normal saline. All compounds were pre-

pared freshly each time and administered intraperitoneally. Maximal

electroshock (MES) apparatus (SATADIS-8810, Iran) was used in the

present work.

Phytochemical Screening

Phytochemical screening of the ethanolic extract of V officinalis was

performed using the following reagents and chemicals: alkaloids with

Dragendorff, s reagent, flavonoids with the use of Mg and HCl, tannins

with 1% gelatin and 10% NaCl solutions, glycoside with 10% lead

acetate and saponins that can produce suds and induce hemolysis

reaction.9

Acute Toxicity Study

A toxicity study of the extract was performed according to OECD

guideline no. 425. A limit test was performed initially using NMRI

mice 26 + 3 g. Six mice were serially administered with a 2000 mg/kg

dose of extract prepared in carboxymethylcellulose 1% as recom-

mended in the guideline. After administration of the dose, each animal

was observed every hour for signs of toxicity and abnormality in

behavior up to the 48th hour. Subsequent daily observations were

made for toxicity and mortality up to 14 days.

Anticonvulsant Activity

Maximal Electroshock Seizure Test. The mice were randomly divided

into 5 groups of 6 animals each: (1) negative control group with

normal saline (10 mL/kg), (2) positive control group with diazepam

(1 mg/kg),3-5 and ethanolic extract–treated groups (100, 200, and 400

mg/kg, respectively). The mice were given ethanolic extract and con-

trols, intraperitoneally, 30 minutes prior to the induction of MES.

Tonic convulsions were induced in 99.99% of the untreated animals

by alternative electrical current (50 mA, 50 Hz, 1-second duration)

through ear-clip electrodes using a stimulator apparatus. A drop of

0.9% saline solution was applied on each ear of the animal prior to

placing the electrode. The duration of hind limb tonic extension was

recorded.10,11

PTZ-Induced Seizure. The mice were divided into groups of 6 animals

each. In 3 groups, the mice were given VOEE at the doses (100, 200,

400 mg/kg) by oral gavage 30 minutes before the administration of

PTZ (90 mg/kg, intraperitoneally), 2 groups were injected diazepam

(1 mg/kg, intraperitoneally) and normal saline 30 minutes before the

administration of PTZ (90 mg/kg, intraperitoneally).10 Each animal

was placed into an individual plastic cage for observation lasting 30

minutes. The general clonus was characterized by forelimb clonus

followed by full clonus of the body. The time taken before the onset

of clonic convulsion, the duration of clonic convulsion, the percentage

of seizure and mortality protection were recorded.12

The Effect of Flumazenil on the Anticonvulsant Activity of VOEE. We

also studied the effects of a selective benzodiazepine receptor antago-

nist, flumazenil on the anticonvulsant of VOEE in order to investigate

the probable involvement of benzodiazepine receptors.13 We selected

6 groups of 6 mice each. In the first group, mice were given flumazenil

(2 mg/kg, intraperitoneally) 5 minutes before the administration of

VOEE (400 mg/kg, oral gavage) and 35 minutes before the injection

of PTZ. In the second group, the animals received flumazenil (2

mg/kg) 5 minutes before the administration of diazepam (1 mg/kg).

Also, 3 groups were injected diazepam (1 mg/kg, intraperitoneally),

flumazenil (2 mg/kg), and normal saline 30 minutes before the admin-

istration of PTZ (90 mg/kg, intraperitoneally), respectively.12-15

The anticonvulsant activity of VOEE and diazepam in mice

pretreated with flumazenil assessed and compared with normal saline

(10 mL/kg), flumazenil (2 mg/kg), diazepam (1 mg/kg), and VOEE

(400 mg/kg) treated animals.

The Effect of Naloxone on the Anticonvulsant Activity of VOEE. We

selected 4 groups of 6 mice each for further investigation of the prob-

able modulatory activities of opioid receptors on the anticonvulsant

activity of VOEE.16,17 naloxone was injected as an opioid receptor

antagonist at a dose of (5 mg/kg) 5 minutes before the administration

of VOEE (400 mg/kg) and 35 minutes before the injection of PTZ in

group of 6 mice each.12-15 The anticonvulsant activity of VOEE in

groups pretreated with naloxone was assessed and compared

with animals pretreated only with VOEE (400 mg/kg), naloxone

(5 mg/kg), and normal saline (10 mL/kg) groups.
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Statistical Analysis

The results are reported as mean + standard error of the mean. The

statistical analyses were performed using 1-way analysis of variance

by Graph Pad Prism 5.0 software. Group differences were calculated

by post hoc analysis using Tukey test. For all tests, differences with

values of P < .05 were considered significant.

Results

Acute Toxicity Study

In the acute toxicity study, neither death nor any observable

neurobehavioral effects were observed in the limit test.

Because of the lack of observable toxicity, no LD50 determi-

nation was carried out. This suggests that the plant extract is

relatively safe or nontoxic in mice at the doses given.

Phytochemical Screening

Preliminary phytochemical screening of the extract indicated

the presence of alkaloids and glycoside. However, flavonoids,

tannins, and saponins were absent.

Anticonvulsant Activity

Maximal Electroshock Test. In the MES test, administration of

the ethanolic extract at doses of 100, 200 mg/kg (P < .01)

reduced the duration of hind limb tonic extension compared

with saline control group. The VOEE at dose of 400 mg/kg

(P < .001) was as effective as diazepam (1 mg/kg) in reduction

of hind limb tonic extension time compared to saline control

group (Figure 1).

PTZ-Induced Seizure. VOEE only at the dose of 400 mg/kg

prolonged the onset time of seizure (P < .05) and decreased

the duration of seizures compared to saline group (P < .01)

(Table 1). As shown in Table 1, VOEE displayed its protection

against seizure in a dose-dependent manner. Moreover,

diazepam prolonged the latency and shortened the duration

of seizures compared with the saline group (Table 1).

The Effect of Flumazenil on the Anticonvulsant Activity of VOEE. In

the PTZ-induced seizure model, the administration of fluma-

zenil (2 mg/kg) 5 minutes before VOEE (400 mg/kg) reversed

the effect of VOEE in prolonging seizure latency and reducing

the duration of seizures. There was no significant difference

between the latency and duration of seizures in mice receiving

VOEE (400 mg/kg) pretreated with flumazenil and the saline

group. Therefore, flumazenil could reverse the anticonvulsant

activity of diazepam (Table 2).

The Effects of Naloxone on the Anticonvulsant Activity of VOEE.
Pretreatment of mice with naloxone (5 mg/kg) 5 minutes before

the administration of the VOEE (400 mg/kg) reversed the

reduction in seizure duration and the prolongation in seizure

latency (Table 3).

Discussion

The present study demonstrated the anticonvulsant effects of

the ethanolic extract of aerial parts of V officinalis in chemi-

cally and electrically induced seizures in mice. The extract

exhibited dose-dependent protection in both MES and PTZ

tests. In the MES test, V officinalis extract showed significant

effect in reducing hind limb tonic extension duration. Likewise,

data showed that the ethanolic extract of V officinalis displayed

anticonvulsant effect in the PTZ-induced seizure model. Thus,

V officinalis has protective activity against both grand mal and

petit mal epilepsy. To the best of our knowledge, our study is

the first report about anticonvulsant effect of this plant in

biomedical literature. The anticonvulsant activity of V offici-

nalis may be due to the presence of glycoside and alkaloids,

which have been found in its ethanolic extract by phytochem-

ical screening. Some studies have shown the anticonvulsant

effect of alkaloids such as piperine and berberine in animal

model.18,19 Thus, unidentified alkaloids are speculated to

account for the observed anticonvulsant effect of the plants

extract. The findings of the study appear to suggest that

VOEE could be used as a natural supplementary remedy in

the management and/or control of partial and generalized sei-

zures in order to reduce the toxic effects of synthetic antic-

onvulsant drugs. PTZ is the chemical substance inducing

clonic seizure that blocks transmission of GABA.20 To inves-

tigate the possible interaction between GABAergic system

and anticonvulsant activity of V officinalis, flumazenil, a ben-

zodiazepine receptor antagonist was used.13 As shown in

Table 2, flumazenil reversed the effects of V officinalis on

seizure latency and duration of clonic seizure in the PTZ

model. It is considerable that the anticonvulsant effect of V

officinalis extract is antagonized by an antagonist of benzo-

diazepine receptor. Therefore, this effect may be related to

benzodiazepine receptor activation. This result is similar to

previous finding by Akanmu et al.4 They found that hypnotic

effects of one verbena genus (Verbena hastate) were related

to benzodiazepine receptor activation. Moreover, their study

results showed the scientific validity for the use of verbena

genus as a sedative substance.

Figure 1. The effect of Verbena officinalis ethanol extract (VOEE) on
maximal electroshock–induced seizure in mice. The ethanolic extracts
(100, 200, 400 mg/kg, per os) and diazepam (1 mg/kg, intraperitone-
ally) administered 30 minutes prior to induction of maximal electro-
shock seizure. Values are mean + standard error of the mean for 6
mice. **P < .01, ***P < .001 compared with the saline group. HLTE,
hind limb tonic extension.
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We also found another mechanism for the anticonvulsant

effects of V officinalis. As shown in Table 3, naloxone antag-

onized the effect of V officinalis on decreasing the duration

and increasing the latency of clonic seizures in PTZ model

compared with the saline group. The results of this study are

in accordance with previous research about the activation of

opioid receptor.14 The previous animal studies demonstrated

the anticonvulsant activity of kappa opioid receptor (KOPr)

against bicuculline, maximal electroshock and excitatory

amino acid–induced convulsion. Moreover, KOPr agonist

attenuated the kindling seizures produced by repeated admin-

istration of PTZ.21-24 On the other hand, some investigations

showed that the anticonvulsant activity of KOPr agonist may

be related to enhancement of GABAergic21 and attenuation of

glutamatergic activity.25,26 Thus, there is one hypothesis that

V officinalis could activate kappa opioid and benzodiazepine

receptors and ultimately potentiate GABA transmission in

central nervous system. However, there is limitation about

our present information of the chemical constituent of V offi-

cinalis aerial parts. It is, therefore, impossible for us at this

stage, to identify any other possible anticonvulsant constitu-

ent/s apart from the glycosides and alkaloids shown to be

present in this plant. In addition, we imagine that the glyco-

sides and alkaloids present in the plant aerial parts may

account for the observed anticonvulsant effect of V officinalis,

but there are no sufficient scientific data at present to verify

this imagination. However, more research is needed to eval-

uate this speculation.

In conclusion, the present study provides scientific evidence

for the use of aerial parts of V officinalis in the treatment of

seizure disorders between local Iranians. It was further shown

that the anticonvulsant activity of V officinalis may be due to

the agonistic activity on BZDs and KOPr receptors that may

lead to increase GABA transmission in the central nervous

system. Therefore, this plant can be utilized as a therapeutic

agent and/or supplement for treating epilepsy.

Table 1. The Effects of VOEE on PTZ-Induced Convulsion in Mice.a

Treatment (Dose) Onset (s) Duration (s) Seizure Protection (%) Mortality Protection (%)

Normal saline (10 mL/kg) 57.2 + 9.45 19.20 + 0.8 0 0
Diazepam (1 mg/kg) 405.6 + 35.9** 6 + 0.45*** 100 100
VOEE (100 mg/kg) 95.8 + 15.42 17 + 1.63 16 33
VOEE (200 mg/kg) 257.2 + 102.4 14.8 + 0.97* 33 67
VOEE (400 mg/kg) 333 + 77.40* 10.4 + 0.25*** 83 100

Abbreviations: PTZ, pentylenetetrazole; VOEE, Verbena officinalis ethanol extract.
aNormal saline, diazepam, and VOEE were administered 30 minutes before the injection of PTZ (90 mg/kg, intraperitoneally). Values are mean + standard error
of the mean for 6 mice.
*P < .05, **P < .01, ***P < .001 compared with the saline group.

Table 2. The Effect of Flumazenil on the Anticonvulsant Activity of VOEE and Diazepam in PTZ-Induced Convulsion in Mice.a

Treatment (Dose) Onset (s) Duration (s) Mortality Protection (%)

Normal saline (10 mL/kg) 57.2 + 9.45 19.20 + 0.8 0
Flumazenil (2 mg/kg) 48 + 1.9 17 + 0.55 0
Diazepam (1 mg/kg) 405.6 + 35.96*** 6 + 0.45*** 100
Diazepam þ Flumazenil 169.2 + 1.16 17.8 + 1.47 67
VOEE (400 mg/kg) 333 + 77.40*** 10.4 + 0.25*** 100
VOEE þ Flumazenil 103.2 + 22.55# 18 + 0.55## 50

Abbreviations: PTZ, pentylenetetrazole; VOEE, Verbena officinalis ethanol extract.
aNormal saline, diazepam, and VOEE were administered 30 minutes before the injection of PTZ (90 mg/kg, intraperitoneally). Flumazenil was administered 35
minutes before the injection of PTZ (90 mg/kg, intraperitoneally). Values are mean + standard error of the mean for 6 mice.
***P < .001 compared with the saline group. #P < .01, ##P < .001 compared with the VOEE (400 mg/kg) group.

Table 3. The Effect of Naloxone on the Anticonvulsant Activity of VOEE in PTZ-Induced Convulsion in Mice.

Treatment (Dose) Onset (s) Duration (s) Mortality Protection (%)

Normal saline (10 mL/kg) 57.2 + 9.45 19.20 + 0.8 0
Naloxone (5 mg/kg) 83.6 + 22.83 16.8 + 2.04 0
VOEE (400 mg/kg) 333 + 77.40* 10.4 + 0.25*** 100
VOEE þ Naloxone 235 + 82.25 12 + 0.45 50

Abbreviations: PTZ, pentylenetetrazole; VOEE, Verbena officinalis ethanol extract.
aNormal saline and VOEE were administered 30 minutes before the injection of PTZ (90 mg/kg, intraperitoneally). Naloxone was administered 35 minutes before
the injection of PTZ (90 mg/kg, intraperitoneally). Values are mean + standard error of the mean for 6 mice.
*P < .05, ***P < .001 compared with the saline group.
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