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ABSTRACT—We evaluated the anticonvulsant effect of Chai-Hu-Long-Ku-Mu-Li-Tan (TW-001), a Chinese
herbal medicine, and its mechanisms in several standard rodent models of generalized seizure. TW-001 (4
g/kg, p.o.) significantly increased the threshold for tonic electroconvulsions and the threshold for tonic sei-
zures in response to i.v. infusion of pentylenetetrazole (PTZ). In the s.c. PTZ seizure test, both the incidence
and severity of seizures were decreased by TW-001. TW-001 (1 — 10 mg/ml) did not alter resting membrane
potential or input resistance of the hippocampal CAl neurons, but elicited a reversible suppression of
stimulus-triggered epileptiform activity in area CA1 and spontaneously occuring epileptiform burst discharges
in area CA3 elicited by picrotoxin. Both field excitatory postsynaptic potentials and population spikes were
reversibly depressed by TW-001 (0.5—15 mg/ml) in a concentration-dependent manner. The sensitivity of
postsynaptic neurons to a glutamate-receptor agonist, a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
or N-methyl-D-aspartate, was not altered by TW-001 (10 mg/ml). However, TW-001 (5 mg/ml) clearly in-
creased the magnitude of paired-puise facilitation. TW-001 (5 — 10 mg/ml) reversibly limited the repetitive fir-
ing and reduced the maximal rate of rise of action potentials elicited by injection of depolarizing current pulses
(0.4 nA, 200 ms) into the pyramidal cells. TW-001 (1 —10 mg/ml) exerted a concentration-dependent reduc-
tion of the tetrodotoxin-sensitive sodium currents and high voltage-activated calcium currents. These results
suggest that TW-001 is an interesting new anticonvulsant agent that exerts its anticonvulsant activity through
inhibition of sodium and calcium channels, stabilizing neuronal membrane excitability and inhibiting gluta-

mate release.
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Epilepsy, a common neurological disorder, is character-
ized by abnormal discharges of cerebral neurons manifest-
ed as various types of seizures. Different types of seizures
may have different neurobiological conditions and are
controlled with different medications. Extensive research
during the past decades has elucidated the neural system
involved in seizures, including the biochemical processes
underlying seizures and the mechanism of action of
antiepileptic drugs (AEDs) (1-3). Although judicious
use of presently available AEDs allows 70—75% of epi-
leptic patients to be seizure-free, as many as 25—30% of
patients who develop partial and secondary generalized
seizures are refractory to treatment with the current AEDs
(4, 5). In addition, severe adverse effects are common with
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most of the presently available AEDs. For example, chron-
ic administration of carbamazepine can cause stupor, coma
and respiratory depression, along with drowsiness, vertigo,
ataxia and blurred vision (6). As a consequence, there still
remains an urgent need for the development of new AEDs
with high efficacy and less adverse effects.

Recently, the alternative management of epilepsy in
terms of Chinese medicine becomes attractive to patients as
well as medical professionals both in Taiwan and Western
countries. Some Chinese herbals and mixtures were shown
to have potential antiepileptic effects in both experimental
studies and clinical use (7). The Chinese herbal medicine
Chai-Hu-Long-Ku-Mu-Li-Tan (TW-001) is a mixture of 13
herbal drugs: Chai-Hu (Bupleuri radix), Long-Gu (Fossllia
ossis mastodi), Huang-Qin (Scutellariae radix), Sheng-
Jiang (Zingiberis rhizoma), Dang-Shen (Codonopsitis
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radix), Gui-Zhi (Cinnamomi ramulus), Fu-Ling (Hoelen),
Ban-Xia (Pinelliae rhizoma), Mou-Li (Ostrease testa),
Tian-Ma (Gastrodiae rhizoma), Da-Huang (Rhei rhizoma),
Da-Zao (Zizyhpi fructus) and Gou-Teng (Uncaria thorn).
It has been used as a sedative and an anticonvulsant drug
from ancient times according to the description in the
Chinese medicine book Shang-Han-Lun. However, there
has not been any report regarding the pharmacological
evaluation of the cellular mechanism underlying the anti-
convulsant action of TW-001. In the present study, we
examined the anticonvulsant profile of TW-001 in several
types of in vivo seizure models previously proposed for the
evaluation of new anticonvulsant drugs in mice and rats
(8). Furthermore, the possible cellular mechanism responsi-
ble for the anticonvulsant action of TW-001 was also inves-
tigated. Because an abnormality of glutamate-mediated
neurotransmission in the brain was thought to serve as a
possible trigger for initiating the epileptic phenomena in
various animal and human syndromes (9, 10), this prompt-
ed us to evaluate whether TW-001 exerts its anticonvulsant
effect via interfering with the glutamatergic synaptic trans-
mission in the brain. To test this possibility, we examined
the effect of TW-001 on the excitatory synaptic trans-
mission in the CAl region of rat hippocampal slices by
using intracellular and extracellular recording techniques.
We found that TW-001, p.o. elevates the seizure threshold
for tonic electroconvulsions and the threshold for tonic
seizures in response to i.v. infusion of pentylenetetrazole
(PTZ). This anticonvulsant activity of TW-001 is likely to
be mediated by the inhibition of sodium and calcium chan-
nels. These effects are functionally related to stabilize neu-
ronal membrane excitability and inhibit neurotransmitter
release, particularly that of glutamate.

MATERIALS AND METHODS

Animals

Animal care was consistent with the guidelines set by
the Laboratory Animal Center of National Cheng-Kung
University. All experimental procedures were approved by
the Animal Research Committee of Medical College of
the National Cheng-Kung University. Adult male Sprague-
Dawley rats were obtained from a commercial breeder
(Laboratory Animal Center NCKU, Tainan, Taiwan) at
ages of 8—10 weeks (body weight 180—200 g) and were
used after 1 week of adaptation to the laboratory. Animals
were kept in groups of 5 in plastic cages at controlled tem-
perature (25°C) and were housed in a vivarium with a 12-h
light/dark cycle (light on at 7:00 a.m.), 50—60% humid-
ity, and free access of food and drinking water. To
minimize the bias of circadian rhythms, all drug injection
were done in the forenoon at an ambient temperature of
24 -25°C.

Maximal electroshock seizure threshold (MEST) test

The threshold for seizures induced by maximal (tonic
hindlimb extension) electroshock was determined via trans-
auricular electrodes (i.e., copper electrodes introduced
bilaterally into the ears) by means of a stimulator (Stoelt-
ing Physiology Research Instruments, Wood Dale, IL,
USA) that delivered a constant current (1-s duration, 50
Hz, sinewave form, fully adjustable between 1—99 mA).
The stimulus intensity was varied (a baseline current of
15 mA) by an up-and-down method shock titration (8)
whereby the current was lowered or raised (in 3- to S-mA
steps) if the preceding animal did or did not show hindlimb
extension, respectively. The data thus generated in groups
of 20 rats were used to calculate the threshold current for
inducing hindlimb extension in 50% of the rats [medium
convulsive current (CCsp) with confidence limits for 95%
probability] using the method of Kimball et al. (11). Each
group of animals was used for only one threshold deter-
mined. The effects of TW-001 (2 and 4 g/kg, p.0.,0.5—2h
pretest) on seizure threshold were compared to those of
phenytoin (10 and 20 mg/kg, i.p., 1 h pretest), valproate
(100 and 200 mg/kg, i.p., 1 h pretest) and lamotrigine (2.5
and 5 mg/kg, i.p., 3 h pretest).

PTZ seizure test

The threshold for different types of PTZ-induced sei-
zures was determined by infusing of a 1% solution of PTZ
(0.5 ml/min) into the tail vein. Groups of 20 — 25 were used
per threshold determined. Both the threshold for myo-
clonic (defined as one or more isolated whole body jerks)
and tonic hindlimb extension seizures were quantitated.

For the s.c. PTZ seizure test, before TW-001 evaluation,
the dose response of PTZ was determined in rats by s.c.
injection of different PTZ doses in groups of 20— 30 rats.
PTZ was injected s.c. in the back of the neck of the rats.
The rats were then observed for 30 min after injection and
the first generalized clonic seizure with loss of righting
reflexes was used as the endpoint. The dose inducing this
seizure type in 97% of the rats was calculated in rats (60
mg/kg) by the method of Litchfield and Wilcoxon (12).
Seizure severity was classified behaviorally into five stages
according to a modification of Loscher and Honack (13):
stage 1, one or more generalized myoclonic twitches of the
whole body; stage 2, repeated clonic seizures of fore-
and/or hindlimbs without loss of righting reflexes; stage 3,
a generalized clonus with repeated clonic seizures of fore-
and hindlimbs and exhibited loss of righting reflexes; stage
4, clonic seizures with loss of righting reflexes followed by
backward extension of forelimbs; stage 5, tonic hindlimb
extension.

In vitro hippocampal slice studies
Hippocampal slices (400-um-thick) were obtained from
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5- to 6-week-old male Sprague-Dawley rats for intracellular
and extracellular synaptic recordings by the procedures
described previously (14, 15). In brief, the rats were decapi-
tated, and transverse slices were cut from a tissue block of
the brain using Vibroslice (Campden Instruments, Silbey,
UK). The slices were placed in a storage chamber of artifi-
cial cerebral spinal fluid (ACSF) oxygenated with 95% O,
—5% CO; and kept at room temperature for at least 1 h
before recording. The composition of the ACSF solution
was as follows: 117 mM NaCl, 4.7mM KCl, 2.5 mM
CaCly, 1.2 mM MgCl,, 25 mM NaHCO;, 1.2 mM NaH,PO,
and 11 mM glucose at pH 7.3 —7.4 and equilibrated with
95% O,—5% CO,.

A single slice was then transferred to the recording
chamber, in which it was held submerged between two
nylon nets and maintained at 32.0 £ 0.5°C. The chamber
consisted of a circular well of a low volume (1 —2 ml) and
was perfused constantly at a rate of 2—3 ml/min. Standard
extracellular field recording techniques were used. Extracel-
lular recordings of fEPSPs and PSs were obtained from
the stratum radiatum and stratum pyramidal of CAl,
respectively, using microelectrodes filled with 1 M NaCl
(resistance 2—3 MQ). A bipolar stainless steel stimulating
electrode was placed in stratum radiatum to activate
Schaffer collateral/commissural afferents. In some experi-
ments, the extracellular recordings were made in stratum
pyramidal of CA3 with microelectrodes containing 1 M
NaCl (resistance 2—3 M) and the bipolar stimulating
electrode was placed in stratum radiatum of CA3 to acti-
vate recurrent collaterals. Stimulus-response curves were
performed at the beginning of each experiment. Pulses of
an intensity that gave 30 —40% of the maximal fEPSP or
PS were given at a frequency of 0.033 Hz for the remainder
of the experiment. In all experiments, baseline synaptic
transmission was monitored for 30 min before drug ad-
ministration. The strength of synaptic transmission was
quantified by measuring the slope of fEPSP and the ampli-
tude of PS. The fEPSP slope was measured from approxi-
mately 20—70% of the rising phase using a least-squares
regression. The PS amplitude was measured from the peak
negativity to a tangent line drawn between the first and
second maximum positivities. Intracellular recordings were
made from CA1 pyramidal neurons using glass microelec-
trodes filled with 4 M potassium acetate (80— 100 MQ).
Microelectrodes were pulled from microfiber 1.0-mm capil-
lary tubing on a Brown-Flaming electrode puller (Sutter
Instruments, San Rafael, CA, USA). FElectrical signals
were collected with an Axoclamp-2B (Axon Instruments,
Foster, CA, USA) filtered at 1 kHz, sampled at 10 kHz;
and an IBM 586-based computer with pPCLAMP software
(Versions 7.0, Axon Instruments) was used to on-line ac-
quire and analyze the data.

Acutely dissociated hippocampal CAl neurons and patch
clamp whole cell recordings

Hippocampal neurons from 12- to 14-day-old Sprague-
Dawley rats were acutely dissociated using procedures
similar to those that we have described previously (16, 17).
Briefly, after decapitation, the brain was removed, and
200- to 400-um-thick transverse hippocampal slices were
cut at room temperature by use of a Mcllwain tissue chop-
per. Then, they were incubated for 30 min with oxygen-
ated piperazine-N-N'-bis(2-ethanesulfonic acid) (PIPES) sa-
line solution containing: 120 mM NaCl, 5 mM KCI, 1 mM
CaCl,, 1 mM MgCl,, 25 mM glucose, 20 mM PIPES and
0.5% pronase (protease type XIV) at 34 —35°C (pH 7.4).
The CAl region was microdissected and subsequently tritu-
rated using a fire-polished Pasteur pipette in a test tube
containing 2 ml cold (4 —8°C) PIPES saline solution. The
neuronal suspension was then transferred into a recording
chamber mounted on a Olympus IX-70 inverted micro-
scope. Before recording, the neurons were thoroughly
washed with external recording solution (see below). Ex-
periments were performed between 30 min and 8 h after
isolation of neurons.

Recordings were carried out using the whole cell voltage-
clamp techniques as previously described (16, 17). Patch
pipettes for the whole cell recordings were pulled from
borosilicate glass and fire polished before use. Direct cur-
rent resistances were 2—5 MQ. For the calcium current
recordings, the patch pipettes were filled with internal solu-
tion of the following composition: 100 mM cesium
methanesulfonate, 2 mM MgCl,, 20 mM tetraethylammo-
nium (TEA) Cl, 10 mM N-2-hydroxyethylpiperazine-N"-2-
ethanesulfonic acid (HEPES), 10 mM 1,2-bis(2-amino-
phenoxy)-ethane-N,N,N',N'-tetraacetic acid (BAPTA), 5
mM MgATP, 0.3 mM NaGTP and 0.2 mM leupeptin. The
ATP regeneration system [tris(hydroxy-methyl)amino-
methane-phosphocreatine (20 mM) and creatine kinase
(20 U/ml)] was added to the internal solution to minimize
rundown of the calcium currents. The pH was adjusted
with 1 M CsOH to 7.2 after the addition of ATP, and the
osmolarity was 280 —290 mosmol. The external recording
solution for calcium currents contained: 120 mM TEA Cl,
3mM CaCl,, 10mM HEPES, 5mM 4-aminopyridine
(4-AP), 10 mM CsCl and 10 mM glucose. Tetrodotoxin
(TTX, 1 uM) was added to the external recording solution
to inhibit voltage-dependent sodium channels, and the so-
lution was adjusted to pH 7.4 with 1 M HCI solution and
to an osmolarity of 320 mosmol. For the sodium current
recordings, the patch pipettes were filled with internal
solution of the following composition: 100 mM cesium
methanesulfonate, 1 mM CacCl,, 20 mM TEA Cl, 10 mM
HEPES, 10 mM BAPTA, 10 mM glucose, S mM MgATP,
0.3 mM NaGTP, 0.2 mM leupeptin, 20 mM tris(hydroxy-
methyl)aminomethane-phosphocreatine and 20 U/ml crea-
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tine kinase. The pH was adjusted with 1 M CsOH to 7.2
after the addition of ATP, and the osmolarity was
280 —290 mosmol. The external recording solution for so-
dium currents contained: 120 mM NaCl, 20 mM TEA Cl,
5mM KCl, 2 mM CaCl,, 1 mM MgCl,, 10 mM HEPES,
2 mM 4-AP, 0.3 mM CdCl, and 10 mM glucose. The ex-
ternal solution was adjusted to pH 7.4 with 1 M HCl solu-
tion and to an osmolarity of 320 mosmol.

Recordings were carried out at room temperature using
a patch-clamp amplifier (Axopatch 200A, Axon Instru-
ments). After seal formation and before entering the whole
cell mode, electrode capacitance was neutralized by using
the capacitance compensation circuitry of the Axopatch
200 A. The series resistance was 80—90% compensated;
only recordings with access resistance below 8 M2 were in-
cluded in the analysis. Current recordings were filtered at 2
kHz and digitized at sampling rates of 200 us using a 12-bit
(333 kHz) analog-to-digital converter (Digidata 1200B,
Axon Instruments) interfaced with an IBM 586 computer.
Stimulation and acquisition were made using pCLAMP
software (version 6.0.3, Axon Instruments). Capacitive
and leakage currents were digitally subtracted from all
recordings.

Drug applications

The composition of TW-001 used in this study was as
follows: 8.0 g Chai-Hu (Bupleuri radix), 3.0 g Long-Gu
(Fossllia ossis mastodi), 3.0 g Huang-Qin (Scutellariae ra-
dix), 3.0 g Sheng-Jiang (Zingiberis rhizoma), 3.0 g Dang-
Shen (Codonopsitis radix), 3.0g Gui-Zhi (Cinnamomi
ramulus), 3.0 g Fu-Ling (Hoelen), 3.0 g Ban-Xia (Pinelliae
rhizoma), 3.0 g Mou-Li (Ostrease testa), 2.0 g Tian-Ma
(Gastrodiae rhizoma), 1.5 g Da-Huang (Rhei rhizoma), 3.0
g Da-Zao (Zizyhpi fructus) and 6.0 g Gou-Teng (Uncaria
thorn). These 13 herbal drugs were mixed, added to 600 ml
of water and then boiled down to 300 mli, filtered, and
spray-dried. TW-001 was prepared by the local Chinese
pharmaceutical factory Yung-Shin (Taichung, Taiwan).
For control groups, distilled water was administered in-
stead of TW-001.

In the in vitro hippocampal slice recordings, the drugs
were applied by dissolving them to the desired final concen-
trations in the ACSF and by switching the perfusion from
control ACSF to drug-containing ACSF. Appropriate
stock solutions of drugs were made and diluted with ACSF
just before application. In the in vitro whole cell voltage-
clamp recordings, TW-001 was dissolved in the external
solutions and its superfusate was filtered with a 0.45-um
microfilter before application. Picrotoxin, phenytoin,
a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
(AMPA), N-methyl-D-aspartate (NMDA), valproate, TTX,
pronase and nimodipine were purchased from Sigma (St.
Louis, MO, USA); w-conotoxin GVIA, 6-cyano-7-nitro-

quinoxaline-2,3-dione (CNQX) and p-2-amino-5-phos-
phonovalerate (D-APV) were obtained from Research
Biochemicals Inc. (Natick, MA, USA). Lamotrigine was a
kind gift from Welcome Foundation (Kent, England).

Statistical analyses

The data for each experiment were normalized relative
to baseline. All figures show the mean + S.E.M. The sig-
nificant difference was evaluated by Student’s two-tailed
unpaired #-test; multiple comparisons were made with one-
way represented measure analysis of variance (ANOVA).
Numbers of experiments are indicated by n. A probability
value (P) of less than 0.05 was considered to represent sig-
nificant differences.

RESULTS

Effect of TW-001 on MEST test

As shown in Table 1, TW-001 at 4 g/kg, p.o. significant-
ly increased the threshold for tonic hindlimb extension
seizures induced by electroshock. One hour was the time of
the peak effect after administration of 4 g/kg of TW-001,
because a significant seizure threshold increase of 32.4%
was seen after 1 h and no anticonvulsant effect was observed
after 0.5 h. The level of anticonvulsant efficacy attained
by TW-001 in the MEST test was also compared with that

Table 1. Effect of TW-001, phenytoin, valproate and lamotrigine
on the threshold for maximal (tonic hindlimb extension) electroshock
seizures in rats

Treatment T(ig)le Dose Seizure threshold
Vehicle 1 4 g/kg (p.o.) 24.6+1.9
TW-001 1 2 g/kg (p.o.) 28.7+1.5
TW-001 4 g/kg (p.o.) 324+ 1.5%
TW-001 0.5 4 g/kg (p.o.) 28.6+1.3
TW-001 2 4 g/kg (p.o.) 314+ 1.8*
Vehicle 1 — @i.p.) 26.2+2.1
Phenytoin 1 10 mg/kg (i.p.) 34.1 £ 1.5%*
Phenytoin 1 20 mg/kg (i.p.) 41.1 £ 1.4%**
Vehicle 1 —_ @i.p.) 27315
Valproate 1 100 mg/kg (i.p.) 343+ 1.7**
Valproate 1 200 mg/kg (i.p.) 42,3 £ 1. 7%+
Vehicle 3 — (i.p.) 29.2+2.1
Lamotrigine 3 2.5 mg/kg (i.p.) 43,8+ 1, 7%+
Lamotrigine 3 5 mg/kg (i.p.) 53.7 £ 1.5%%*

The drugs were administered p.o. or injected i.p. in groups of rats,
and the seizure threshold was determined after 0.5, 1, 2 and 3 h,
respectively. The seizure thresholds were evaluated as medium con-
vulsive current (CCsp) with confidence limits for 95% probability in
groups of 20 rats. Significant difference between vehicle and drug-
treated groups is indicated (*P<0.05, **P<0.01, ***P<0.001).
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Table 2. Effect of TW-001 on the threshold for different seizure
types induced by i.v. infusion of pentylenetetrazole (PTZ) in rats

Seizure threshold with PTZ

Treatment 10 Dose (ms/ke)

() (e/kg, p-0.) Initial myoclonic Hindlimb

twitch extension

Vehicle 1 4 42.6+4.7 70.35.5
TW-001 1 2 43.8+5.3 76.7+3.6
TW-001 1 4 44.4+4.5 91.6 + 5.3%*
TW-001 0.5 4 43.6+5.7 77.4+5.8
TW-001 2 4 44.1+4.8 89.4+4.8*%

TW-001 was administered p.o. in groups of rats, and the seizure
threshold was determined after 0.5, 1 or 2 h, respectively. The seizure
thresholds were calculated as the dose of PTZ (mean + S.E.M.) induc-
ing the respective seizure types in all animals of a group, using 20— 25
rats per group. Significant difference between vehicle and drug-treated
groups is indicated (*P<0.05, **P<0.01).

generated by the standard AEDs, phenytoin (10 and 20
mg/kg, i.p.), valproate (100 and 200 mg/kg,i.p.) and
lamotrigine (2.5 and 5 mg/kg, i.p.). The threshold increase
obtained with TW-001 (4 g/kg, p.o.) was equal to both
phenytoin (10 mg/kg, i.p.) and valproate (100 mg/kg, i.p.),
but was clearly less than lamotrigine (2.5 mg/kg, i.p.).

Effect of TW-001 on i.v. and s.c. PTZ test

TW-001 was found to markedly increase the threshold
for PTZ-induced tonic hindlimb extension seizures at a
dose of 4 g/kg, p.o., but had no significant effect on myo-
clonic twitches induced by this chemical convulsant. The
peak effect of TW-001 to increase the threshold for PTZ-
induced hindlimb extension seizure was reached at 1 h after
oral administration.

Based on the time-course studies with TW-001 on the
MEST test (Table 1) and i.v. PTZ test (Table 2), we per-
formed the s.c. PTZ test by pretreating the animals with
TW-001 at 1h before the PTZ administration (Table 3).
TW-001 exerted anticonvulsant effect against seizures in
the traditional s.c. PTZ seizure test, in which animals were
observed for the occurrence of seizures for 30 min after
s.c. injection of PTZ (60 mg/kg). TW-001 significantly

decreased the incidence, the severity and the mortality of
PTZ seizures in a dose-dependent manner. In addition, the
latency of myoclonic twitches after PTZ s.c. infusion was
markedly prolonged by TW-001 at a dose of 4g/kg
pretreatment.

Adverse effects of TW-001

For rats treated with high doses of TW-001 (8 and 16
g/kg, p.o.), no overt behavioral changes were observed.
For example, it did not induce any significant changes in
the walking, rearing and grooming behaviors of rats. In
addition, no sedation or loss of righting reflex was evident.
Oral administration of TW-001 to rats at 4 g/kg twice daily
for three weeks also did not result in any toxic symptoms.
Histological analysis of the hippocampus of chronic
TW-001 treatment rats also revealed no abnormalities
(data not shown). It was impossible to determine the me-
dium lethal dose (LLDsg) of TW-001, since no intoxication
or death was observed in rats even at a dose as large as
16 g/kg, p.o. These results suggest that TW-001 is safer
than presently available AEDs.

Lack of effect of TW-00I on resting membrane potential
and input resistance

To characterize the molecular mechanisms underlying
the TW-001-induced anticonvulsant effect, the isolated rat
hippocampal slices were used to address this issue by using
intracellular and extracellular recording techniques. Firstly,
we examined the effect TW-001 on passive electrophysio-
logical properties of hippocampal CA1 neurons, including
resting membrane potential (RMP) and input resistance.
As shown in Table 4, TW-001 (1 — 10 mg/ml) produced no
significant changes on the level of either RMP or input
resistance of the recording neurons.

Effect of TW-001 on the Schaffer collateral-commissural
synaptic transmission

Because the decrease of glutamatergic synaptic transmis-
sion has been claimed as part of the mechanism of action
of some new AEDs (3, 18), we next examined whether
TW-001 exerts its anticonvulsant activity via the modula-

Table 3. Effect of TW-001 on seizure parameters induced by s.c. injection of pentylentetrazole (PTZ) in rats

Seizure parameters

Dose
Treat t
reatmen (g/kg, p.o.) Incidence Latency(s) Severity Mortality
(%) (£S.E-M.) (£S.EM) (%)
Vehicle 4 30 87 392.6+24.7 3.8+0.3 17
TW-001 2 26 57* 447.8 £31.3 2.8+ 0.2%* 4*
TW-001 4 20 35% 508.4 + 34, 5%* 2.3 £0.2%* o*

PTZ (60 mg/kg) was applied by s.c. injection at I h after orally administration of placebo or TW-001. The laten-
cy is for the appearance of the hindlimb extension. Significant difference between vehicle and drug-treated groups
is indicated (*P<0.05, **P<0.01). The number of animals tested was represented by n.
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tion of glutamatergic synaptic transmission in the brain. As
shown in Fig. 1 (A —E), superfusion of TW-001 (0.5—-15
mg/ml) reversibly decreased fEPSP and PS in a concen-
tration-dependent manner. At a concentration of 5 mg/ml,
it decreased the slope of fEPSP by 30.21+5.3% (n=6,
P<0.05) and the amplitude of PS by 41.4+5.8% (n=7,
P<0.05) of baseline, respectively. The apparent ICsy of
TW-001 against fEPSP and PS was 11.7 and 8.6 mg/ml,
respectively. The maximum effect of TW-001 was obtained
in 10 to 15 min, and completely recovery from its effects
required a 10— 15 min washout with ACSF. Furthermore,
the presynaptic fiber volley, which proceeds the fEPSP,
was not significantly affected by TW-001. Application of
TW-001 (5 and 10 mg/ml) produced a 6.8+ 1.5% (n=6)
and 9.4+ 3.5% (n=6) reduction of the amplitude of the
presynaptic fiber volley, respectively (Fig. 1F).

To determine whether the blockade of glutamatergic
synaptic transmission induced by TW-001 was mediated by
a presynaptic or postsynaptic mechanism, we examined the
effect of TW-001 (10 mg/ml) on the postsynaptic response
to exogenously applied glutamatergic receptor agonists,
AMPA and NMDA, by intracellular recordings. These ex-
periments were done in the presence of TTX (0.5 uM). As
shown in Fig. 2, application of AMPA (1 uM) and NMDA
(1 uM) produced a profound membrane depolarization on
the hippocampal CAl neurons. TW-001 pretreatment for
20 min did not affect the AMPA- or NMDA-induced mem-
brane depolarization. These data indicate that the blockade
of glutamatergic synaptic transmission induced by TW-001
in the hippocampal CA1l neurons is not mediated by a
postsynaptic modulation of AMPA or NMDA glutamater-
gic receptors.

Effect of TW-00I on paired-pulse facilitation

We furthermore examined whether the blockade of
glutamatergic synaptic transmission by TW-001 involves a
presynaptic mechanism that could be detected with the
phenomenon of paired-pulse facilitation (PPF). When the

Table 4. Effect of TW-001 on passive membrane properties of rat
hippocampal CA1l neurons

Treatment (rﬁt{") (I\l;:lif‘Z) n

Control -63.4+1.9 4.6+2.1 10
TW-001

1 mg/ml —64.8+2.1 43.1+1.9 6

5 mg/ml —-65.3£1.7 419123 10

10 mg/ml —64.4+2.2 40.8+1.7 8

Ep, resting membrane potential; E;,, membrane input resistance; n,
number of recording neurons. During the recording, 0.2 nA hyper-
polarizing current pulses were intracellularly injected to monitor the
membrane input resistance. Data are presented as the mean + S.E.M.

excitatory afferents to the hippocampal CAl neurons are
activated twice with a short interval between each stimulus,
the response to the second stimulus is generally facilitated
in relation to the initial stimulus (16, 19). This phenom-
enon is called a PPF and is attributed to an increase in
the amount of transmitter release in response to the second
stimulus (20, 21). On the other hand, the manipulations of
presynaptic transmitter release may result in the change in
the magnitude of PPF. If the TW-001-induced depression
of fEPSP involved a presynaptic mechanism of action, it
will be associated with an alteration of PPF magnitude.
Alternatively, if TW-001 reduced synaptic transmission by
another type of mechanism (e.g., reducing the sensitivity of
postsynaptic receptors), then the PPF magnitude should be
relatively unaffected. To test this hypothesis, the magni-
tude of PPF was determined at the control period prior
to the application of TW-001 and 20 min after starting the
application of 5 mg/ml TW-001. Synaptic responses to a
paired stimuli were recorded with an interstimulus interval
of 40 ms. Figure 3 shows that the reduction of fEPSP slope
induced by TW-001 was accompanied by an increase in the
magnitude of PPF. The magnitude of PPF was 136.8 +
5.9% before and 169.6 £ 8.5% (n=6) during the applica-
tion of TW-001. The increase of the magnitude of PPF by
TW-001 was reversible during washout with ACSF. These
results suggest that TW-001 may act at a presynaptic site to
modulate the transmitter release mechanisms in the CAl
region of rat hippocampus.

Effect of TW-001 on epileptiform activity in the hippocam-
pal CAl and CA3 areas

If TW-001 could be used as an anticonvulsant agent, it
could not only reduce the evoked subthreshold fEPSP and
PS but also the evoked epileptiform activity induced by
convulsant agents in vitro. To test this possibility, we ex-
amined the effect of TW-001 on the epileptiform burst dis-
charges evoked by picrotoxin in the hippocampal areas
CAl and CA3. As shown in Fig. 4, after superfusion of
picrotoxin (50 uM) to block y-aminobutyric acid (GABA)
type A receptors, the same stimulus intensity evoked
epileptiform burst discharges that consisted a train of
several spikes riding on a large depolarizing potential. Ap-
plication of TW-001 (5 and 10 mg/ml) reduced the later
spikes riding on the depolarizing potential in a concen-
tration-dependent manner. The effect of TW-001 was
reversible within 20 min of washout (Fig. 4E).

In area CA3, picrotoxin caused recurrent epileptiform
burst discharges with a regular repetition rates about
15 —-20 min after starting perfusion, which occurred in the
absence of electrical stimulation. The spontaneously occur-
ring recurrent discharges were monophasic or biphasic and
occurred with a regular repetition rate of 4.2+ 0.8 min™!
(n=10). As shown in Fig. 5, TW-001 at a concentration of
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Fig. 1. Effect of TW-001 on the glutamatergic synaptic transmission in the hippocampal CAl area. A and C: Typical fEPSPs and
PSs recorded before, during and after wash out of 5 mg/ml TW-001. Note that TW-001 reversibly decreased the slope of fEPSP
and the amplitude of PSs. B and D: Time course of the action of TW-001 on the fEPSP and PS. Bars denote the period of delivery
of TW-001. E: Concentration-dependent inhibition of the fEPSP and PS by TW-001. Data are presented as the mean + S.E.M.
(n=4-7 experiments). F: Representative traces showing TW-001 has no significant effect on the pharmacologically isolated
presynaptic fiber volley. The presynaptic fiber volley was isolated by recording the fEPSP in the presence of 6-cyano-7-nitro-
quinoxaline-2,3-dione (CNQX, 20 uM), p-2-amino-5-phosphonovalerate (D-APV, 50 uM) and picrotoxin (50 uM). Similar results
were also observed in another five experiments.
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Fig. 2. Effect of TW-001 on the AMPA- and NMDA-induced mem-
brane responses. A and B: Superfusion of either AMPA (1 uM, 1 min)
or NMDA (1uM, 1 min) evoked a membrane depolarization. Pre-
treatment of the hippocampal slices with TW-001 (10 mg/ml) for 20
min did not significantly affect either the AMPA- or NMDA-induced
membrane depolarization. The experiments were performed in the
presence of TTX (0.5 uM). Bars denote the periods of drug applica-
tions. C: The average percentage changes of either AMPA- or NMDA-
induced membrane depolarization before and during TW-001 applica-
tion. Data are presented as the mean + S.E.M.

10 mg/ml reduced the amplitude, the duration and the
repetition rate of the spontaneously occurring discharges
(right panel). The rate of the spontaneously occurring dis-
charges was decreased to 2.5+ 0.6 min~! after application
of TW-001. Furthermore, TW-001 also reversibly attenu-
ated the stimulus-triggered epileptiform burst discharges
elicited by picrotoxin in the hippocampal area CA3
(left panel).

Effect of TW-001 on depolarizing current-induced repeti-
tive firing (RF) of action potentials and the maximal rate of
rise (Ve Of action potentials

The effect of TW-001 on the RF of action potentials elic-
ited by depolarizing current pulses applied through the
recording microelectrodes into the hippocampal CAl neu-
rons were examined. As shown in Fig. 6, a depolarizing

A
Control
0.5 mVI
20 ms
TW-001 (5 mg/ml)
Wash
B
200
180 *
_—
§ 160
= (n=6)
R 140
B
120
100

Control TW-001 Washout
5 mg/ml

Fig. 3. TW-001 increases paired-pulse facilitation (PPF). A: Sample
records of fEPSP evoked by paired pulse stimuli with a 40-ms inter-
stimulus interval under before, during and 20 min after washout of
TW-001 (5 mg/ml). B: Bar graph showing the average of similar ex-
periments as shown in panel A. The PPF ratio was calculated accord-
ing to the formula PPF (%) = P,/ P; x 100%, with P, being the
response to the first stimulus and P, being the response to the second
stimulus. Data are presented as the mean + S.E.M. *P<0.05 as com-
pared with the control.

current pulse of 0.4 nA with 200-ms duration evoked RF in
the control condition. Superfusion of TW-001 (5 and 10
mg/ml) reversibly limited RF in a concentration-dependent
manner (left panel). The effect of 5 and 10 mg/ml TW-001
on RF were observed in 8 out of 10 and 9 out of 10 neurons
tested, respectively. During the application of TW-001 at 5
and 10 mg/ml, the mean number of action potential spikes
was significantly reduced from 7.2 + 0.8 t0 5.8 £ 0.4 (n=10,
P<0.05) and 4.1 £ 0.6 (n=10, P<0.05), respectively.
Because the V., of the action potential is generally used
as an index of inward sodium currents, we therefore used
this parameter to determine whether the limitation of the
depolarizing current pulse-induced RF by TW-001 is due
to the retardation of inward sodium currents. A typical
example of TW-001 on V., is shown in Fig. 6. During a
depolarizing current pulse applied into the cell in the
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Fig. 4. Effect of TW-001 on the epileptiform burst discharges in-
duced by picrotoxin in hippocampal area CAl. A: Control EPSP. B:
Evoked epileptiform burst recorded in the hippocampal CAl neuron
in the presence of picrotoxin (50 uM). C and D: Superfusion of
TW-001 (5 and 10 mg/ml) effectively suppressed the epileptiform burst
discharges in a concentration-dependent manner. E: The effect of
TW-001 was reversible within 20 min washing. The RMP of this cell
was —62 mV. Similar results were also found in another tested five
cells. Closed triangles represent the point of synaptic stimulation. The
stimulus intensity was 25 V with 0.02-ms duration and kept constant
throughout the experiment.

control condition, the values of V,, of successive action
potentials sustained throughout the pulse. Upon super-
fusion of TW-001 (5 and 10 mg/ml), V., declined steadily
until the action potential failed (right panel). The Vi, of
the first action potential after adding 5 or 10 mg/ml
TW-001 to the bathing solution was the same amplitude as
the control condition. In addition, it can be seen that the
Vmax values of latter action potentials were proportionally
more reduced than the first action potential. Similar results
were also observed in another 9 cells. These data imply the
possibility that TW-001 exerts a use-dependent blockade of
sodium channels on the hippocampal CAl neurons.

Effect of TW-001 on the membrane sodium and calcium
currents

Since the blockade of sodium and calcium currents con-
tributes to the mechanism of action of many of the classic
AEDs such as phenytoin (22, 23), we therefore directly ex-
amined whether TW-001 exerted its anticonvulsant activity
via the inhibition of these two types of membrane currents.
Stable whole cell voltage clamp recordings of sodium and

Evoked Spontaneous

2 mVI
200 ms

Control

TW-001 (10 mg/ml)

Wash

_~WMA,___

Fig. 5. Effect of TW-001 on evoked and spontaneously occuring
epileptiform activity induced by picrotoxin in hippocampal area CA3.
On the left, superfusion of TW-001 (10 mg/ml) effectively suppressed
the evoked epileptiform burst discharges induced by picrotoxin (50
uM). On the right, TW-001 reversibly reduced the duration and the
repetition rate of the spontaneously occuring epileptiform burst dis-
charges. Similar results were also observed in another nine experi-
ments.

calcium currents were obtained from neurons acutely dis-
sociated from 12- to 14-day-old rat hippocampal area CAl.
Recordings were taken from cells with pyramidal cell
bodies. We first examined the effect of TW-001 (110
mg/ml) on the sodium currents. Step depolarization from a
holding potential of —80 to — 10 mV elicited a fast pro-
nounced inward current that was blocked by 1uM TTX
(% of inhibition, 97.6 +2.3%, n=6, P<0.05), indicating
that it was carried by sodium channels. Bath application of
TW-001 (1 - 10 mg/ml) reversibly inhibited the whole cell
sodium currents in a concentration-dependent manner. The
mean TW-001 depression of peak whole cell sodium cur-
rents (% of inhibition, = S.E.M.) was as follows: 1 mg/ml,
2.5+ 1.2% (n=5); 5mg/ml, 21.3£3.4% (n=8); and 10
mg/ml, 36.7+3.8% (n=7) (Fig. 7). TW-001 (10 mg/ml)
produced a comparable effect to phenytoin (200 uM) and
lamotrigine (200 uM) on the blockade of TTX-sensitive
fast sodium inward currents.

In subsequent experiments, we examined the effect of
TW-001, phenytoin and lamotrigine on the high-voltage
activated whole cell calcium currents. To obtain the cal-
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Fig. 6. Effect of TW-001 on the RF and the V., of action poten-
tials. The RF of action potentials was elicited by injection of a 200-ms
depolarizing current pulse (0.4 nA) into the cell through the recording
microelectrode. Note that application of TW-001 (5 and 10 mg/ml)
produced a concentration-dependent and reversible limitation of RF
(left panel). TW-001 also decreased the Vi, of action potentials (right
panel). The V.« of latter action potentials was proportionally more
reduced than that the first action potential. The RMP of this cell was
-6l mV.
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cium currents, the external solution was added with TTX
to block sodium currents and with cesium replacing potas-
sium in the recording pipette to block potassium outward
currents. Step depolarization from a holding potential of
—80to — 10 mV elicited a pronounced inward current that
was blocked by 100 uM cadmium chloride (% of inhibi-
tion, 96.8 +2.5%, n=8, P<0.05), indicating that it was
carried by calcium channels. As shown in Fig. 8, the cal-
cium currents evoked by this voltage protocol displayed a
transient and a sustained phase. Bath application of
TW-001 (1 —10 mg/ml) reversibly depressed the whole cell
calcium currents in a concentration-dependent manner.
The mean TW-001-induced depression of peak whole cell
calcium currents (% of inhibition, +S.E.M.) was as fol-
lows: 1 mg/ml, 4.5+2.1% (n=4); 5 mg/ml, 22.3+3.6%
(n=6); and 10mg/ml, 43.5+4.3% (n=6) (Fig.8).
Phenytoin and lamotrigine inhibited calcium currents by
less than 10%, even at the higher concentration of 200 uM

tested. These results suggest that TW-001 could inhibit
both the sodium and high-voltage activated calcium chan-
nel activity on the hippocampal CAl neurons.

To identify which subtypes of high-voltage activated cal-
cium channels in rat hippocampal CAl neurons are sensi-
tive to TW-001, we examined the ability of TW-001 to
reduce whole cell calcium currents before and after selec-
tive blockade of N- and L-type calcium current compo-
nents. The L-type calcium channel blocker nimoidipine
only partially blocked the TW-001-mediated inhibition. In
the presence of 20 uM nimodipine, there was a 21.3 £ 2.8%
(n=4) inhibition of calcium currents for TW-001 (10
mg/ml). After the inhibition of the N-type calcium chan-
nels by bath application of w-conotoxin GVIA (3 uM),
TW-001 continued to inhibit a fraction of the calcium
currents. The inhibition of calcium currents caused by
TW-001 (10 mg/ml) was 20.3 +3.2% (n=4). However,
coapplication of nimodipine (20 uM) and @-conotoxin
GVIA (3uM) almostly completely blocked the TW-001
inhibition of calcium currents. These results suggest that
TW-001 may inhibit both N- and L-type high-voltage acti-
vated calcium channels on the acutely dissociated hip-
pocampal CAl neurons.

DISCUSSION

Four principal findings emerge from this work. First,
oral administration of TW-001 markedly elevated the
threshold to tonic hindlimb extension seizures induced by
electroshock or i.v. infusion of PTZ. In addition, TW-001
also reduced the incidence and severity and prolonged the
latency of the s.c. PTZ seizure test. Second, TW-001
produced a concentration-dependent depression of gluta-
matergic synaptic transmission in the hippocampal CAl
area. Furthermore, both the stimulus-triggered epilepti-
form activities evoked by picrotoxin in area CAl and
spontaneously occuring epileptiform burst discharges in
area CA3 elicited by picrotoxin were reversibly suppressed
by TW-001. Third, TW-001 limited the depolarizing cur-
rent pulse-induced RF and the V., of the action potentials
in the hippocampal CAl neurons. Forth, TW-001 exerted a
reduction of the TTX-sensitive sodium currents and high
voltage-activated calcium currents under voltage-clamp
conditions in a concentration-dependent manner.

To our knowledge, the present study is the first to sys-
tematically and scientifically investigate the anticonvulsant
effect of the Chinese herbal medicine Chai-Hu-Long-Ku-
Mu-Li-Tan (TW-001). The experimental results confirmed
previous non-systematically clinical observations, which
were described in the ancient Chinese medicine book
Shang-Han Lun. We further provided evidence that the
depressant effect of TW-001 on the glutamatergic synaptic
transmission could probably be responsible for its anticon-
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Fig. 7. Effect of TW-001, phenytoin and lamotrigine on whole cell sodium currents recorded from acutely dissociated hippocam-
pal CA1 neurons. Whole cell sodium currents were elicited by a 10-ms depolarizing step from —80 to —10 mV. On the left, bar
graphs show the inhibitory effect of different concentration of TW-001, phenytoin and lamotrigine on peak sodium currents. On the
right, typical sodium current traces recorded before and during drug application as indicated. Data are presented as the mean +

S.E.M. *P<0.05 as compared with the control.

vulsant effect. How does TW-001 decrease glutamatergic
synaptic transmission? Data from the present study show
that TW-001 decreases the glutamatergic synaptic transmis-
sion by reducing glutamate release from presynaptic termi-
nals. We have provided three lines of evidence to support
this conclusion. First, TW-001 inhibited synaptic transmis-
sion with negligible changes in the RMP or the membrane
input resistance of the postsynaptic neurons (Table 4).
Second, TW-001 decreased the fEPSP and PS without
altering the sensitivity of postsynaptic neurons to the
glutamatergic receptor agonists, AMPA and NMDA (Fig.
2). Third, the depression of fEPSP was accompanied by an

increase in the magnitude of PPF, a phenomenon generally
accepted to be presynaptic (Fig. 3). The depressant effect of
TW-001 was greater on the first response of a pair of
stimuli rather than affecting both response equally, so that
the magnitude of PPF was increased by TW-001. These
results are consistent with previous studies; we showed that
when transmitter release is reduced by agents (e.g., adeno-
sine, L-AP4 and dopamine), an increase in the magnitude
of PPF is observed (16, 19, 24, 25).

The observed limitation of RF caused by TW-001 is like-
ly to be the result of its reduction of the V., of action
potentials. Because sodium is the predominant charge car-
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Fig. 8. Effect of TW-001, phenytoin and lamotrigine on high voltage-activated whole cell calcium currents recorded from acutely
dissociated hippocampal CA1 neurons. Whole cell calcium currents were elicited by a 200-ms depolarizing step from —80 to — 10
mV. On the left, bar graphs show the inhibitory effect of different concentrations of TW-001, phenytoin and lamotrigine on peak
calcium currents. On the right, typical high voltage-activated whole cell calcium current traces recorded before and during drug
application as indicated. Note that TW-001 but not phenytoin or lamotrigine effectively reduced the high voltage-activated whole
cell calcium currents under our experimental conditions. Data are presented as the mean + S.E.M. *P<0.05 as compared with the

control.

rier responsible for the generation of the upstroke of action
potential in the hippocampal neurons (26), the maximal
rate of rise (V) of action potential has been widely used
as an index to reflect the peak inward sodium currents.
Thus, the present study supports the possibility that the
blockade of voltage-dependent sodium channels is involved
in TW-001’s inhibition of RF. In agreement with this sug-
gestion, we have also observed that TW-001 produced both
tonic and concentration-dependent depression of TTX-sen-
sitive sodium inward currents in the acutely dissociated
hippocampal CA1l neurons under voltage-clamp condi-
tions. For comparison, TW-001 produced an inhibition of
sodium channels in a similar manner to those of the estab-

lished AEDs phenytoin and carbamazepine. Evidence to
support this suggestion is that the reduction of V., by
TW-001 is similar to the reduction of V., by phenytoin
and carbamazepine (27 —29). They all produced a slight
reduction of V,,, of the first action potential but evolved
with progressive reduction of V., of successive action
potentials during a long step depolarization (27 —29). The
present findings, therefore, suggest that TW-001 exerts its
inhibitory effect on sodium inward current is in a use-
dependent manner.

In this study, we also demonstrate that TW-001 pos-
sesses antiepileptic activity against an in vitro picrotoxin-
induced model of epilepsy. Although many mechanisms
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could contribute to this effect, our results show that the
blockade of voltage-dependent sodium and high-voltage
activated calcium channels is relevant. Indeed, both the so-
dium and calcium channels have been shown to play an im-
portant role in controlling the firing activity in hippocam-
pal neuron (2). Blockade of these two types of ion channels
may stabilize neuronal membrane excitability and inhibit
neurotransmitter release. Direct support for an involve-
ment of high-voltage activated calcium channels in
picrotoxin-induced epileptiform activity is provided by cur-
rent electrophysiological studies using both hippocampal
and neocortical slices in vitro. Straub et al. (30) showed
that organic calcium channel blockers, verapamil and
flunarizine, reduced the amplitude and duration of par-
oxysmal depolarization shift and epileptic field potentials
induced by picrotoxin in hippocampal and neocortical
regions of rats. Based on these findings, it seems likely that
a calcium-influx through voltage-activated calcium chan-
nels is involved in the convulsant action of the antagonist
of GABA receptors. Although previous studies have shown
that NMDA-receptor antagonist D-APV as well as non-
NMDA-receptor antagonist CNQX may also reduce the
picrotoxin-induced epileptiform activity (31, 32), TW-001
is unlikely to act on the postsynaptic NMDA or AMPA
receptors to inhibit the picrotoxin-induced epileptiform
activity. Evidence to support this suggestion is that the sen-
sitivity of postsynaptic neurons to exogenous application
of NMDA or AMPA was not significantly altered by prior
TW-001 application (Fig. 2).

Hippocampal pyramidal neurons have been shown to
possess multiple types of high-voltage activated calcium
channels according to their electrophysiological and
pharmacological properties (17, 33). For example, we have
previously shown that nimodipine (L-type calcium channel
blocker, 20uM) reversibly blocked approx. 40%, -
conotoxin GVIA (N-type calcium channel blocker, 3 uM)
irreversibly suppressed 25% and w-agatoxin IVA (P/Q-
type calcium channel blocker, 0.2 uM) irreversibly blocked
29% of the total high-voltage activated calcium currents
in 2-week-old rat hippocampal CAl neurons (17). In this
study, we found that TW-001 (1-10mg/ml) strongly
blocked both L- and N-type calcium channels in a concen-
tration-dependent manner. Since N- and L-type calcium
channels have been identified to be involved in the regula-
tion of presynaptic neurotransmitter release and post-
synaptic neuronal excitability in the hippocampus (34), the
inhibitory effect of TW-001 on these two types of calcium
channels could be used to explain the profile of its anti-
convulsant activity in both in vivo and in vitro models of
epilepsy. Under our experimental conditions, classic AEDs
phenytoin and lamotrigine did not exert any significant
effect on the high-voltage activated calcium channels.
These results are consistent with the current findings of

Salvati et al. (35).

With respect to the anticonvulsant effect of TW-001,
it may be also interesting to know which constituent(s)
contained in TW-001 underlies its anticonvulsant efficacy.
Recently, the effect of two component herbal drugs of
TW-001, Tian-Ma (Gastrodiae rhizoma) and Gou-Teng
(Uncaria thorn), on the seizure threshold for tonic electro-
convulsion and the in vitro picrotoxin-induced epilepti-
form activity in the hippocampal area CAl were also ex-
amined. We found that the aqueous extract of Tian-Ma but
not Gou-Teng effectively elevated the threshold for tonic
electroconvulsion and showed almost the similar inhibitory
action of TW-001 on picrotoxin-induced epileptiform activ-
ity, although the concentration of Tian-Ma had to be high-
er than that of TW-001 in the component ratio (H.-M. Wu
et al., unpublished observations). Furthermore, behavioral
studies have also shown that the aqueous extract of Tian-
Ma or vanillin that was purified from the tuber of Gastro-
dia elata has sedative and anticonvulsant properties (36).
However, we could not exclude the possibility that other
component herbal drugs of TW-001 may also possess anti-
convulsant activity. Further studies using chemically iden-
tified substances of TW-001 and examining their anticon-
vulsant activity are in progress to clarify the anticonvulsant
effect of TW-001.

In conclusion, both the in vivo behavioral tests and the
in vitro electrophysiological recordings reported here indi-
cate that the Chinese herbal medicine TW-001 is a potential
anticonvulsant agent. The inhibitory effect on both neu-
ronal excitability and glutamate release due to blockade of
sodium and calcium channels may account largely for the
anticonvulsant profile of TW-001. Because TW-001 is oral-
ly active and possesses no overt adverse effects, these
results indicate that this agent may have great potential for
clinical antiepileptic therapy. However, further preclinical
evaluation should be provided, including the adverse effect
of long-term administration of this drug, before this agent
is used as an anticonvulsant drug in humans. Furthermore,
because the experimental seizure models used here are
widely used to evaluate the therapeutic efficacy of new
AEDs against generalized tonic-clonic seizures, it can be
predicted that TW-001 will be an effective treatment for
generalized tonic-clonic seizures in view of its overall anti-
convulsant profile observed in the present study.
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