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INTRODUCTION

Epilepsy is one of the most common serious neurological 
conditions, with an annual incidence of 50 people per 100,000 
(Poole et al., 2000). Seizures are controlled in nearly 70% of 
patients with epilepsy, mostly through drug effects on mem-
brane ion channels or on GABAergic or glutamatergic trans-
mission. However, for the remaining 20-30% with intractable 
seizures, recent advances in systemic antiepileptic drug de-
velopment have had little impact. Refractory epilepsy is as-
sociated with considerable medical, social, and psychiatric 
morbidity and enormous fi nancial costs (Sander, 2003). Thus, 
despite the benefi cial effect of the currently available drugs, 
there is still a need for broadly acting anticonvulsant drugs 
possessing multiple mechanisms of action with decreased ad-
verse effect, preferably originated from natural products (Park 
et al., 2007).

Herbal medicine is one of the most common forms of al-
ternative medicine, and patients generally consider this form 
of treatment to be both safe and effective (Eisenberg et al., 
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Abstract

1998). Despite increasing interest in alternative medicine use, 
there are limited data on alternative medicine use by patients 
with epilepsy (Gidal et al., 1999). Therefore, we investigated 
several plants to discover whether they have anticonvulsant 
activities.

As one of the famous traditional Chinese medicine, Arte-
misia capillaris Herba (AC) is listed offi cially in the Chinese 
pharmacopoeia and used as a choleretic, anti-infl ammatory 
and diuretic agent in the treatment of epidemic hepatitis (Tang  
and Eisenbrand1992). Esculetin (ECT), which is main constit-
uent of AC, has multiple pharmacological activities including 
the inhibition of xanthine oxidase activity (Egan et al., 1990), 
platelet aggregation (Okada et al., 1995) and antioxidant ac-
tivity (Paya et al. 1992; Lin et al. 2000). Although AC and ECT 
have various biological effects, their anticonvulsant effects 
have not been reported.

In the present study, we examined the anticonvulsant effect 
of the 70% ethanol extract of  AC and its mechanism. The 
objective of this study was to evaluate the possibility of AC as 
an anticonvulsant drug and to fi nd out which constituent ex-
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erts this activity. First, behavioral tests, electroshock seizure, 
chemical induced seizure were studied in vivo in ICR mice. 
Secondly, infl ux of Cl− was studied in vitro using neuroblas-
toma cells.

MATERIALS AND METHODS

Materials
70% ethanol extract of AC was supplied by the National 

Center for Standardization of Herbal Medicine. ECT was pur-
chased from Wako Pure Chemical Industries (Japan). Bicucul-
line, diazepam and other materials were purchased from Sig-
ma-Aldrich Co. (St. Louis, Mo, USA). N-(6-methoxyquinolyl) 
acetoethylester (MQAE) was purchased from Invitrogen Co. 
(Carlsbad, USA). 70% ethanol extract of Artemisia capillaris, 
diazepam, strychnine and pentylenetetrazol (PTZ) were dis-
solved in sterile distilled water before injection. AC was orally 
administered in a doses of 50, 100, 200, 400 mg/kg and ECT 
was intraperitoneally injected in doses of 1, 2 and 5mg/kg. 
5mg/kg of diazepam was intraperitoneally injected to mice to 
serve the positive control group. Animals of the negative con-
trol group were administered saline. Bicuculline was dissolved 
in dimethyl sulfoxide (DMSO) and the maximum concentra-
tion of DMSO was 0.1%. Cells were cultured in MEM (Gibco 
BRL, Rockville, MD) supplemented with 10% fatal bovine 
serum(FBS) and 5% CO2 at 37oC.

Animals and treatments
The male ICR mice (20-25 g) used in this study were ob-

tained from Hanlim Laboratory Animals Co. (Hwaseong, Ko-
rea). They were housed in animal room which was maintained 
at temperature (22 ± 2oC) and humidity (55 ± 5%) under a 
12/12-hr light/dark cycle with lights on from 7:00 AM. Food and 
water were available ad libitum. All animals were acclimated to 
their home cages for at least 6 days before testing. The experi-
mental groups, consisting of 8-10 animals per drug and dose, 
were chosen by means of a randomized schedule and all mice 
were used only once. All tests took place between 10:00 and 
16:00 h. Animal treatment and maintenance were carried out 
in accordance with the Principles of Laboratory Animal Care 
(NIH publication No. 85-23 revised 1985) and the Animal Care 
and Use Guidelines of Sahmyook University, Korea. 

Locomotor activity
Computerized EthoVision system (Noldus IT b.v., Nether-

lands) was used to evaluate changes in locomotor activity. 
The observation apparatus consisted of fi ve plastic boxes 
(42×42 cm) with a fi eld bordered by 42-cm-high sidewalls. 
The total distance moved, total movement time, and total turn 
angle degree were monitored for 10 min after administration 
(Noldus et al., 2001; Kim et al., 2003). 

Rota-rod test
The rota-rod test was used to assess whether materials 

caused myorelaxation or gross motor impairment in the ani-
mals. Twenty-four hours before the experiment, all mice were 
habituated to running in a rota-rod at a speed of 36 rpm for 
3 minutes. The latency to fall and falling frequency were re-
corded 30 min after administration (Farkas et al., 2005; Lee 
et al., 2006).

Measurement of electroshock seizure threshold
Seizure was evoked by constant current stimulator and the 

resulting seizure was determined by overt hindlimb extension. 
To determine the electroshock seizure threshold, convulsive 
current 50 (CC50) which elicits convulsion in 50% of animals 
was calculated by a 'staircase' procedure (Browning et al., 
1990). Individual animals was treated with electroshocks of 1 
second stimulus duration to determine the current-convulsion 
relationship. If an animal showed convulsion, the next animal 
was given with 3 mA decrements in current intensity. If an ani-
mal did not show convulsion, the next animal was given with 
3mA increments in current intensity. In this way, the current-
convulsion relationship was generated and CC50 value was 
determined by Litchfi eld-Wilcoxons II method (Litchfi eld and 
Wilcoxon, 1949). For each treatment group, 20-30 pups were 
prepared and the animals were sacrifi ced right after the deter-
mination of the electroshock seizure threshold. 

Test for anticonvulsant potency (PTZ model)
The different experimental groups of mice (n=10/group) 

orally treated with 50 mg/kg and 100 mg/kg of AC were chal-
lenged with PTZ (70 mg/kg, i.p.) 30 min. after the administra-
tion of AC (Novack et al., 2005; Obniska et al., 1978). Control 
group received saline. The percentage of seizure response 
induced by PTZ in mice was recorded and compared with the 
respective control group. 

Test for anticonvulsant potency (strychnine model)
The different experimental groups of mice (n=10/group) 

treated with 100 mg/kg, 200 mg/kg and 400 mg/kg of AC were 
challenged with strychnine (1 mg/kg, i.p.) 30 min. after the 
administration of AC (Ngo Bum et al., 2001). Control group 
received saline. The percentage of seizure response induced 
by strychnine in mice was recorded and compared with the 
respective control group. 

Intracellular Cl− measurement assay
Relative changes in intracellular Cl− concentration ([Cl−]i) in 

SH-SY5Y human neuroblastoma cells were monitored using 
the Cl−-sensitive indicator, N-(6-methoxyquinolyl) acetoetyles-
ter (MQAE), developed by Verkman et al. (1989). Experiments 
were performed, as described by West and Molly (1996). Brief-
ly, cells were washed twice and resuspended at a concentra-
tion of 4×105 cells/ml in Hank's solution. For loading MQAE 
into the cells, cells were incubated with the dye overnight at 
a fi nal concentration of 5 mM at room temperature. Fluores-
cence (excitation wavelength set at 365 nm and the emis-
sion wavelength at 450 nm) was monitored in a well-stirred 
cuvette. Experiments were performed at room temperature to 
minimize fl uorescent dye loss. Data are presented as relative 
fl uorescence F/F0, where F0 is the fl uorescence without Cl−  
ions and F is the fl uorescence as a function of time. The F/
F0 values are directly proportional to [Cl−]i. All fl uorescence 
values were corrected for background fl uorescence which 
was separately determined using a HEPES-buffered KSCN 
solution containing 5 μM valinomycin to maximally quench the 
MQAE ion-selective signal (Shumaker et al., 1999). In sepa-
rate experiments the F0 value was determined by bathing the 
cells with Cl−-free (KNO3) solution containing 10mM tributyltin 
and 10 mM nigericin. 
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Statistical analysis
Data were expressed as the mean ± S.E.M. For statistical 

evaluation of data, one-way ANOVA was used. When statisti-
cally signifi cant differences were found, Newman-Keul's test 
was used as a post-hoc test to determine the statistical differ-
ences between groups. Differences were considered statisti-
cally signifi cant when p<0.05.

RESULTS

Locomotor activity
Locomotor activities were determined based on the total 

distance moved and the duration of movement. Fig. 1 and Fig. 
2 show that AC and ECT did not change the locomotor activity 

while diazepam signifi cantly decreased locomotor activity in 
mice.

Rota-rod test
Motor coordination was evaluated by rota-rod test. Fig. 3 

and Fig. 4 show that AC and ECT did not change the running 
time and falling frequency on the rota-rod. Diazepam, howev-
er, signifi cantly decreased running time and increased falling 
frequency on the rota-rod.

Measurement of electroshock seizure threshold
The effects of AC and ECT on the electroshock seizure 

threshold are shown in Fig. 5. To determine the electroshock 
seizure threshold, we calculated the convulsive current 50 
(CC50), which elicits convulsion in 50% of animals. Electro-

Fig. 1. Effects of AC on Locomotor 
activity in mice (n=9-10). (A) Each bar 
represents the mean ± S.E.M of the 
moved distance in AC treatment for 10 
minutes. (B) Each bar represents the 
mean ± S.E.M of the movement dura-
tion in AC treatment for 10 minutes 
(**p<0.01 compared to control group).

Fig. 2. Effects of ECT on Locomotor 
activity in mice (n=9-10). (A) Each bar 
represents the mean ± S.E.M of the 
moved distance in AC treatment for 10 
minutes. (B) Each bar represents the 
mean ± S.E.M of the movement dura-
tion in AC treatment for 10 minutes 
(**p<0.01 compared to control group).

Fig. 3. Effects of AC on activity on the 
rotating rod in mice (n=9-10). (A) Each 
bar represents the mean ± S.E.M of 
endurance time on the rotating rod. (B) 
Each bar represents the mean ± S.E.M 
of falling frequency from rotating rod 
(**p<0.01 compared control group).
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shock seizure thresholds of the AC-treated mice were sig-
nifi cantly higher than those of the control group. CC50 of the 
AC-treated mice increased in a dose-dependent manner. The 
CC50 of the 100 and 200 mg/kg of AC-treated mice were 35.19 
± 2.50 and 39.40 ± 4.20 mA, respectively, and the CC50 of the 
diazepam-treated group was 37.53 ± 4.27 mA. The CC50 of the 
200 mg/kg AC group was signifi cantly higher than that of the 
diazepam group. ECT treatment also signifi cantly increased 
electroshock seizure thresholds. The CC50 of the 1 mg/kg and 
2 mg/kg of ECT treatment were 30.80 ± 3.17 and 34.87 ± 3.49. 
The CC50 5 mg/kg of ECT treatment was 37.80 ± 4.84 which 
is higher than that of the same dose of the diazepam treated 
group.

Test for anticonvulsant potency in PTZ or strychnine 
model  

Fig. 6 shows that administration of AC decreased the per-
centage of seizure response induced by PTZ in a dose-de-
pendent manner. However, in Fig. 6, only 400 mg/kg AC treat-

ment signifi cantly change the percentage of seizure response 
induced by 1 mg/kg of strychnine.

Intracellular Cl− measurement assay
Fig. 7 and Fig. 8 show the electrophysiological exchange 

induced by AC and ECT treatment. AC and ECT treatment 
increased Cl− infl ux into the intracellular area in a dose-depen-
dent manner. Conversely, bicuculiline inhibited the Cl− infl ux 
induced by AC and ECT treatment.

DISCUSSION

In the present study, we found out that ethanol extract of 
AC has signifi cant anticonvulsant activity in both electroshock 
and PTZ seizure models. Unlike diazepam, AC (100 and 200 
mg/kg) did not change the locomotor activity and running time 
on the rota-rod which indicates that it does not cause sedation 
and myorelaxation. Such difference between AC and diaze-
pam is benefi cial considering that sedation is a common side 
effect of some GABAergic neuronal anticonvulsnats. ECT, one 
of the major compounds in AC, exerts  anticonvulsant activity 
similar to that of AC, which indicates that the effect of AC is 
due to ECT.

 AC signifi cantly decreased seizure response induced by 
electroshock and PTZ but did not decrease seizure response 
induced by strychnine except at its highest dose (400 mg/

Fig. 4. Effects of ECT on activity on 
the rotating rod in mice (n=9-10). (A) 
Each bar represents the mean ± S.E.M 
of endurance time on the rotating rod. 
(B) Each bar represents the mean ± 
S.E.M of falling frequency from rotat-
ing rod (**p<0.01 compared control 
group).

Fig. 5. Effects of AC and ECT on seizure induced by electroshock 
in mice. Each number on the graph represents CC50 ± 95% confi -
dence intervals (*p<0.05 **p<0.01 compared to control group).

Fig. 6. Effects of AC on seizure induced by chemicals in mice. 
Each bar represents mean ± SEM of seizure response % (*p<0.05, 
**p<0.01 compared to control group).
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kg). AC reduced CC50 and PTZ-induced seizure response in 
a dose-dependent manner. PTZ is an uncompetitive GABA re-
ceptor antagonist and strychnine is a glycine receptor antago-
nist (Takeuchi and Takeuchi, 1969). Although animal models 
based on PTZ have still been widely used for drug screening, 
the mechanism by which PTZ elicits its action has not been 
completely understood. One generally accepted mechanism 
by which PTZ exerts its action is by acting as an antagonist at 
the picrotoxin sensitive site of GABAA receptor complex (Ra-
manjaneyulu and Ticku, 1984). GABA is a principal inhibitory 
neurotransmitter in the mammalian central nervous system, 
producing inhibitory post-synaptic potentials in both feedfor-
ward and feedback circuits. Impairment of GABA-mediated 
inhibitory circuits has been implicated in different forms of 
epilepsy in experimental animal models and in human studies 
(Hansen et al., 2004; Morimoto et al., 2004).

The result of inhibiting PTZ-induced seizure indicate that 
the effects of AC may be related to the enhancement of GABA 
function in the brain, whereas failure to inhibit strychnine-
induced seizures when 100 mg/kg or 200 mg/kg of AC was 
treated indicates that AC does not have much constituents 
having effects on the glycine-related response in the spinal 
cord (Takeuchi and Takeuchi, 1969). This suggests that the 
anticonvulsant effect of AC is more related with the Cl− chan-
nel of the GABA: benzodiazepine (BDZ) receptor complex. 
However, as AC also inhibited strychnine-induced seizures at 
its high dose, it indicates that its anticonvulsant effect is not 
solely related to GABAergic neuron. 

The anticonvulsant effect of BDZ agonist is due to its fa-

cilitating effect on the inhibitory GABAergic neurotransmission 
in the central nervous system. The mechanism of this facili-
tating action of BDZ agonist is via the activation of the BDZ 
binding site on the GABAA receptor to increase the frequency 
of the chloride (Cl−) channel openings in response to a given 
concentration of GABA (Study and Barker, 1982). Therefore, 
the present study investigated the Cl− infl ux using the neuro-
blastoma cells. Bicuculline, GABA antagonists, inhibited the 
Cl− infl ux induced by AC in a dose-dependent manner. This 
suggests that the anticonvulsant effect of AC was mediated by 
enhancing the GABA function.

 ECT, the main constituent of AC, signifi cantly increased the 
CC50 and Cl− infl ux in a dose-dependent manner. Like AC, bi-
cuculline also inhibited Cl− infl ux induced by ECT. This similar 
activities indicate that ECT also exerts anticonvulsant effect 
through the GABAergic neuron. In the course of our study, 
separating constituents from ethanol fraction of AC, we found 
out the ECT accounts for 2% among the constituents and only 
ECT exhibited anticonvulsant effect through the GABAergic 
neuron. Thus we concluded that the GABAergic neuronal an-
ticonvulsant effect of AC is due to ECT.

 This study demonstrated that AC treatment resulted in a 
dose-dependent increase of the electroshock seizure thresh-
old. Unlike diazepam, AC did not cause sedation and myor-
elaxation in locomotor activity and the rota-rod test. These 
results indicate that the anticonvulsant effect of AC cannot be 
attributed only by interaction with GABA function, although the 
action of AC on the GABA receptor complex contributes to the 
anticonvulsant effect of AC. Besides, when highest dose (400 

Fig. 7. Effects of AC on [Cl−]i in neuroblastoma cells. Fluorescence was monitored in the excitation wavelength at 365 nm and the emis-
sion wavelength at 450 nm using the Cl−-sensitive indicator, N-(6-methoxyquinolyl) acetoetylester (MQAE) Contents of infl ux Cl− ion was 
expressed as a peak (a.u.). 

Fig. 8. Effects of ECT on [Cl−]i in neuroblastoma cells. Fluorescence was monitored in the excitation wavelength at 365 nm and the emis-
sion wavelength at 450 nm using the Cl−-sensitive indicator, N-(6-methoxyquinolyl) acetoetylester (MQAE). Contents of infl ux Cl− ion was 
expressed as a peak (a.u.). 
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mg/kg) of AC was treated, AC also decreased the seizure re-
sponse induced by strychnine. Although ECT exerts similar 
activities with AC, the GABAergic anticonvulsant effect, there 
may be still other kinds of constituents which exert anticonvul-
sant effect through the non-GABAergic neuron. Further stud-
ies are required to fi nd out which constituent is responsible for 
the non-GABAergic anticonvulsant effect.

 In conclusion, AC possesses anticonvulsant effect which 
can be attributed to the potentiation of the activity of GABA 
and its activity is mediated by ECT. However, more studies are 
required to fi nd out any other constituents which exerts other 
mechanisms of anticonvulsant activity.
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