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Abstract

ŽWe examined the effect of dipotassium clorazepate 7-chloro-1,3-dihydro-2-oxo-5-phenyl-1H-1, 4-benzodiazepine-3-carboxylate
.potassium hydroxide , an antianxiety drug, on amygdaloid kindling and compared its effects for 7 successive days on amygdaloid- versus

hippocampal-kindled seizures, using the rat kindling model of epilepsy. Dipotassium clorazepate at 5 mgrkg significantly delayed
amygdaloid kindling. The contralateral cortical after-discharge duration in the dipotassium clorazepate-treated group was significantly
shorter than the after-discharge duration in the amygdala in the first seven stimulations, whereas it was significantly shorter only in the
first three stimulations in the control group, indicating that dipotassium clorazepate suppressed the spread of seizure activity from focus to
contralateral cortex. Dipotassium clorazepate suppressed amygdaloid-kindled seizures at 2 and 5 mgrkg, while 1 mgrkg or more
suppressed hippocampal-kindled seizures. Thus, differences in effective dosages in both amygdaloid- and hippocampal-kindled seizures
may suggest a difference in the neuronal mechanisms involved in this kindling. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

ŽDipotassium clorazepate potassium 7-chloro-2,3-dihy-
dro-2-oxo-5-phenyl-1H-1, 4-benzodiazepine-3-carboxylate

.potassium hydroxide was developed in the mid-1960s as
an antianxiety drug. It is a carboxylated form of desmeth-
yldiazepam, which is considered to be the primary active

Ž .metabolite of diazepam Mattson., 1972 . In a kindling
model, the benzodiazepines suppressed amygdaloid-kin-

Ždled seizures Aston and Wauquier, 1979; Albertson et al.,
.1980 . Dipotassium clorazepate exerted an anticonvulsive

effect on both pentylenetetrazol-induced seizures and in
Želectroshock tests Brunaud et al., 1970; Plotnikoff and

.Obrien, 1974 . We reported the anticonvulsive effect of
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Žthis drug on hippocampal-kindled seizures in rats Amano
.et al., 1998 . Its effect on kindling, however, has not been

evaluated. Moreover, differences in the anticonvulsive ef-
fects of conventional anticonvulsants between amygdaloid-
and hippocampal-kindled seizures have been reported
ŽKamei et al., 1981; Ichimaru et al., 1987; Ishida et al.,

.1992 . We evaluated the anticonvulsive effect of dipotas-
sium clorazepate on kindling, and compared it in amyg-
daloid- and hippocampal-kindled seizures in rats.

2. Materials and methods

2.1. Surgery and kindling

ŽMale Wistar rats supplied by Kyusyu Animal, Ku-
.mamoto, Japan weighing 220–330 g were used. They

were allowed unlimited access to food and water. They
were 10 weeks of age at the time of the operation.

0014-2999r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
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Following the rat brain atlas of Paxinos and Watson
Ž .1986 , a tripolar electrode was implanted stereotaxically

Žinto the left basolateral amygdala anterior, 3 mm; lateral,
.4.5 mm; vertical, 8.5 mm or the left dorsal hippocampus

Ž .anterior, 2.8 mm; lateral, 2.0 mm; vertical, 3 mm under
Ž w .pentobarbital anesthesia Nembutal 50 mgrkg . Screw

electrodes were placed in the bilateral frontal scalp, the
right upper orbital scalp, and the posterior scalp 3.0 mm
dorsal to the lambda suture for electroencephalogram
Ž .EEG recording at the motor cortex, to ground the sub-
ject’s body, and as a reference for the EEG recording,
respectively.

One week after the operation, the rats were subjected to
kindling. Bipolar stimulation consisting of 60 Hz sine
waves lasting 1 s was delivered through a constant current

Ž .stimulator NIPPON KOHDEN S-6207 A . The stimula-
tion was begun at 10 mA and then increased stepwise by
10 mA with 10-min interstimulus intervals until an after-
discharge was induced. No more than four stimulations
were given in a day. The stimulus current at the lowest
intensity triggering after-discharge was regarded as the
after-discharge threshold. Thereafter, the after-discharge
threshold current was kept constant and delivered once a
day.

Kindled seizures were classified, essentially in accor-
Ž .dance with the classification of Racine 1972 , into six

stages: stage 0, after-discharge without motor manifesta-
tions; stage 1, facial twitching; stage 2, head-nodding
accompanied by simultaneous mastication; stage 3, fore-
limb clonic convulsion; stage 4, rearing on the hindlegs;
and stage 5, full-blown generalized clonic convulsion and
falling-down. After five consecutive stage 5 seizures were

completed, the stimulus current was reduced by half until
the rats failed to respond with a stage 5 seizure. Subse-
quently, the stimulus current was raised stepwise by 10
mA until a stage 5 seizure was induced. The stimulus
current inducing the seizure was regarded as the general-
ized seizure-triggering threshold. The generalized seizure-
triggering threshold was redetermined before each treat-
ment session. Electrical stimulation was delivered 30 min
after each injection of dipotassium clorazepate, and seizure
and EEG alterations were evaluated. When stage 5 seizures

Ž .regressed to partial seizures stages 0, 1, and 2 after the
injection of dipotassium clorazepate, the trial was regarded

Žas effective. When secondarily generalized seizures stages
.3, 4, and 5 were provoked, the trial was regarded as

ineffective.

2.2. Pharmacological experiments

ŽDipotassium clorazepate supplied by Dainippon Phar-
.maceutical, Osaka, Japan was dissolved in physiological

saline for intraperitoneal injection. Physiological saline
was administered as the control vehicle.

2.3. EÕaluation of anticonÕulsiÕe effects

2.3.1. Experiment I: anticonÕulsiÕe effect on amygdaloid-
kindled seizures

To clarify the anticonvulsive effect of dipotassium clo-
razepate against amygdaloid-kindled seizures, rats having
two stable stage 5 seizures induced at the generalized
seizure-triggering threshold current intensity were tested
once a day. The dosages of dipotassium clorazepate were

Table 1
Effects of single administration of dipotassium clorazepate on amygdaloid-kindled seizures

After-discharge duration is divided by the average of after-discharge duration before the treatment with dipotassium clorazepate and multiplied by 100.
aP-0.05, bP-0.01, with Fisher’s exact probability test or Wilcoxon’s signed rank test.
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set at 0.5, 1.0, 2.0, and 5.0 mgrkg in a volume of 1.0
mlrkg. Drug administrations in the same rat were sepa-
rated by an interval of at least 2 weeks.

2.3.2. Experiment II: effect on amygdaloid kindling
Stimulation of the amygdala was applied once a day

after an initial after-discharge threshold determination. The
rats were stimulated 30 min after the administration of
dipotassium clorazepate. The stimulus intensity was kept at
the after-discharge threshold throughout the experiment.
Dipotassium clorazepate was administered once a day until
the first stage 5 seizure occurred or 15 stimulations had
been applied after the initial after-discharge threshold de-
termination. The dosage of dipotassium clorazepate was 5
mgrkg; this dosage was determined based on the result of
experiment I. The seizure stage and after-discharge dura-
tion were analyzed in comparison with those in the control
Ž .vehicle treatment group.

2.3.3. Experiment III: comparison of anticonÕulsiÕe effect
between amygdaloid- and hippocampal-kindled seizures in
rats

Other groups of rats having more than 10 stage 5
seizures induced at the generalized seizure-triggering
threshold current intensity were used and tested once a day
for 7 consecutive days. The dosages and the schedule of
administration were the same as in experiment I. Drug
efficacy was evaluated separately on each test day from
day 1 to day 7.

2.4. AdÕerse effects

During each drug session, behavioral changes in rats
Ž .were observed. Adverse behavioral effects included a

Ž . Ž .sedation, b ataxia, and c muscle weakness, and each
effect was quantified with a rating scale, as follows: grade
0, none; grade 1, mild; grade 2, moderate; grade 3, severe.
Total scores for adverse effects were also determined for
each rat and each dose. In addition, responses to handling
were recorded, with special attention to ataxia and seda-
tion. Muscle weakness was examined by palpation of the
neck and limb muscles. Sedation was accepted when the
rat was flaccid and did not show increased muscle tone as
a result of being picked up in the hand.

2.5. Measurement of serum desmethyldiazepam concentra-
tion and histology

Venous blood was collected immediately after the kin-
dled convulsions. The serum samples, separated quickly
from the collected whole blood, were kept at y208C. The
serum desmethyldiazepam concentration was determined

Ž .by high-performance liquid chromatography HPLC
Ž .Dainippon Pharmaceutical . Added to 0.5 ml of the serum
was 2 ml of 1 N KOH and 8 ml of CHCL . The mixture3

was shaken for 10 min and then centrifuged at 2500 rpm

for 10 min. The organic layer was evaporated to dryness at
408C. The residue was dissolved with 0.2 ml of internal

Ž . Ž .standard IS solution 2 mg of diazepam in MeOH , and
10 ml of the solution was injected for HPLC. HPLC was
performed with a Shimadzu LC-6A using a Shimadzu STR
ODS-M column, 150=4.6 mm i.d. Conditions were: mo-

Ž .bile phase, 1% AcOH: i-PrOH: CH CN 20:5:10 ; flow3

rate, 1.0 mlrmin; and detector, UV 230 nm. In the 7
consecutive trials, venous blood was collected on test day
7 and on other test days when a seizure stage was altered.

After the completion of each experiment, each rat was
given an overdose of sodium pentobarbital, and the brain
was perfused with saline followed by 10% formalin. The
location of each implanted electrode was histologically
verified. All electrodes were confirmed to be located in the
amygdala and hippocampus.

2.6. Statistical analysis

Statistical comparisons were made with Student’s t-test
to evaluate the after-discharge duration and Fisher’s exact

Ž .Fig. 1. Pretreatment with dipotassium clorazepate 5 mg; open circles
significantly retarded kindling. Each point represents the mean"S.D.
U ŽP -0.05 with Student’s t-test compared with control group closed

.circles .
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Table 2
A comparison of after-discharge duration between the contralateral cortex and the stimulated amygdala

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

( )A Dipotassium clorazepate-treated group
a a a a a a aContralateral cortex 2.1"0.6 1.9"0.8 2.3"1.0 5.5"0.9 9.1"1.5 8.5"1.3 11.4"2.1

Stimulated amygdala 8.9"0.8 7.5"0.5 9.3"0.7 12.2"1.2 14.5"1.0 13.5"2.2 22.2"1.7

( )B Control group
a a aContralateral cortex 3.5"0.5 6"0.4 8.5"0.5 17.2"1.7 20.3"0.8 28.3"1.4 29.3"1.7

Stimulated amygdala 10"0.41 2.2"0.61 5.1"0.7 21.3"1.2 23.2"1.1 32.2"1.0 30.5"2.2

aP-0.05 with Student’s t-test compared with after-discharge duration in the stimulated amygdala.

probability test to analyze the regression of seizure stage.
The ED value, the calculated dose required to block the50

amygdaloid kindled seizure in 50% of the rats tested, was
determined by the method of Litchfield and Wilcoxon
Ž .1948 .

3. Results

3.1. Experiment I: anticonÕulsiÕe effect on amygdaloid-
kindled seizures

Dipotassium clorazepate suppressed amygdaloid-kin-
Ž .dled seizures in a dose-dependent manner Table 1 . Re-

gression of seizures to stage 3 or 4 was not observed.
Regression to stage 1 or 2 seizures was observed in 14

Ž .sessions 50% , and complete clinical seizure suppression
Ž .occurred in one session 3.6% at 5 mgrkg. The ED and50

the confidence limits for 95% probability of secondary
generalization were 1.45 and 0.7–2.8 mgrkg, respectively.
Significant reduction of after-discharge duration compared
with the control group was observed at dosages of 2
mgrkg or more, but complete suppression of after-dis-
charge was observed in only one of seven sessions at the
highest dose.

3.2. Experiment II: effect on amygdaloid kindling

Fig. 1 illustrates the effects of dipotassium clorazepate
on the seizure stage reached and after-discharge duration

in amygdaloid kindling. The control rats developed the
first stage 2 seizure after an average of 2.4"0.6 stimula-
tions, whereas the average in rats receiving dipotassium
clorazepate at 5 mgrkg was 5.3"0.9 stimulations. The
number of stimulations required for the first stage 5 seizure
in the 5-mgrkg dosage group was 14.1"1.4 stimulations,
which was significantly greater than the 10.2"1.7 stimu-

Ž .lations in the control group P-0.01 . The contralateral
cortical after-discharge in the group treated with dipotas-
sium clorazepate was significantly shorter than the after-
discharge in the amygdala in the first seven stimulations,
whereas it was significantly shorter only in the first three

Ž .stimulations in the control group Table 2 .

3.3. Experiment III: comparison of anticonÕulsiÕe effect in
amygdaloid- and hippocampal-kindled seizures in rats

When the number of effective trials on a day of treat-
ment was significantly greater than that of the controls
Ž 2 . Ž .x test , the drug was considered effective Table 3 .
The drug was effective on day 3 at 2 mgrkg of dipotas-
sium clorazepate and on day 4 at 5 mgrkg in the amyg-

Ž .daloid-kindled rats Table 3 . In contrast, the drug was
effective on day 4 at 2 mgrkg, and on day 5 at 5 mgrkg

Ž .in the hippocampal-kindled rats Table 3 . In comparison
with that for the controls, the number of days on which the
drug was effective was significantly greater at 5 mgrkg of
dipotassium clorazepate in the hippocampal-kindled rats
Ž 2 .x test, P-0.05 .

Table 3
Number of effective trials of dipotassium clorazepate in amygdaloid-kindled rats and hippocampal-kindled rats
The figure in the column indicates the number of effective trials on each day.

Ž . Ž .Amygdaloid-kindled rat Dipotassium clorazepate mgrkg Hippocampal-kindled rat Dipotassium clorazepate mgrkg

Control 0.5 1 2 5 Control 0.5 1 2 5
a a a aDay 1 0 1 2 6 6 0 1 3 6 7
a a a aDay 2 0 1 2 6 6 0 0 3 6 6
b b b aDay 3 0 0 2 5 5 0 1 2 5 6

b b bDay 4 0 1 1 4 5 0 0 3 5 5
bDay 5 0 0 1 2 4 0 1 2 4 5

Day 6 0 0 0 2 2 0 1 2 3 4
Day 7 0 0 0 2 2 0 0 1 3 3

a P-0.01.
b P-0.05.
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3.4. AdÕerse effects

Compared with their body weight before the experi-
ment, the control rats gained 5.8%, but the dipotassium
clorazepate-treated group gained 4.4% by day 7 of dipotas-
sium clorazepate administration. No significant body
weight alterations were observed during the present experi-
ment between the dipotassium clorazepate-treated group
and the control group. The 5-mgrkg dose of dipotassium
clorazepate produced sedation 30 min after each daily
administration. The mean score for sedation on day 1 and
day 7 in the dipotassium clorazepate-treated rats was 2.2"

Ž .0.4 severe, 3r15 rats; moderate, 12r15 rats and 1.8"0.6
Ž .severe, 1r15 rats; moderate, 10r15 rats; mild, 4r15 rats ,
respectively. As for ataxia and muscle weakness, the mean

Ž .scores on day 1 were 0.4"0.5 mild, 6r15 rats and
Ž .0.5"0.2 mild, 8r15 rats , respectively. On day 7, these

Ž .values were 0.2"0.4 mild; 2r15 rats and 0.3"0.5
Ž .mild; 4r15 rats , respectively.

3.5. Serum concentration

The serum desmethyldiazepam concentration in the
amygdaloid-kindled rats that were given dipotassium clo-
razepate at 0.5, 1.0, 2.0, and 5.0 mgrkg doses were
0.17"0.03, 0.35"0.06, 0.48"0.13, and 1.46"0.43
mgrml, respectively. The serum concentration of the dose
for the ED for secondary generalization was 0.41 mgrml.50

The increase in concentrations seemed to be dose-depen-
dent. With seven consecutive administrations of dipotas-
sium clorazepate, the serum desmethyldiazepam concentra-
tion in the amygdaloid-kindled rats at the 0.5, 1.0, 2.0, and
5.0 mgrkg dosages were 0.16"0.05, 0.39"0.04, 0.77"

0.07, and 1.22"0.55 mgrml, respectively, on the last
day. The serum desmethyldiazepam concentration in the
hippocampal-kindled rats at the 0.5, 1.0, 2.0, and 5.0
mgrkg dosages were 0.13"0.03, 0.38"0.10, 0.82"

0.22, and 1.41"0.38 mgrml, respectively, on the last
day. No significant differences in serum desmethyl-
diazepam concentrations between the amygdaloid- and hip-

Table 4
Serum concentration of dipotassium clorazepate in amygdaloid-kindled
rats and hippocampal-kindled rats
Values are expressed as means"standard deviation

Ž .Serum concentration of dipotassium clorazepate mgrml

Dose Effective trials Ineffective trials

Amygdaloid-kindled rats
2.0 mgrkg 0.62"0.14 0.69"0.19
5.0 mgrkg 1.12"0.63 1.3"0.49

Hippocampal-kindled rats
1.0 mgrkg 0.33"0.08 0.48"0.11
2.0 mgrkg 0.72"0.04 0.83"0.17
5.0 mgrkg 1.35"0.29 1.42"0.37

pocampal-kindled rats were observed. There were no sig-
nificant differences between the effective and the ineffec-
tive trials in either amygdaloid- and hippocampal-kindled

Ž .rats Table 4 .

4. Discussion

The present study demonstrated that dipotassium clo-
razepate has modest anticonvulsive effects, i.e., it retards
development of amygdaloid kindling. The contralateral
cortical after-discharge was significantly shorter than the
amygdaloid after-discharge in the dipotassium clora-
zepate-treated group in the first seven stimulations, whereas
the former was significantly shorter than the latter only in
the first three stimulations in the control group. Wise and

Ž .Chinerman 1974 emphasized that the inhibition of motor
seizure is due to inhibition of after-discharge occurrence or
to suppression of after-discharge propagation. In the pre-
sent study, perfect suppression of after-discharge at the
stimulated site was observed in only one of seven rats
treated with a dosage of 5 mgrkg. We previously reported
that increased stimulus intensity could not completely re-
verse the anticonvulsive effects of dipotassium clorazepate
Ž .Amano et al., 1998 . Accordingly, the principal anticon-
vulsive effect of dipotassium clorazepate is likely to be
related mainly to attenuation of propagation of seizure
activity rather than to an elevated seizure threshold.

In the present study, dipotassium clorazepate showed
suppressive effects in amygdaloid- and hippocampal-
kindled seizures. More potent suppressive effects of
dipotassium clorazepate, however, were observed in hip-
pocampal-kindled rats than in amygdaloid-kindled rats.
This inter-model difference was found for the efficacy of
other anticonvulsants such as zonisamide and clobazam.
Ž .Kamei et al., 1981; Ichimaru et al., 1987 . These differ-
ences may indicate differences in neuronal mechanisms
involved in amygdaloid- and hippocampal-kindling. Sato
Ž .1975 reported that facilitation of amygdaloid kindling
following hippocampal kindling was observed, but not the

Ž .opposite. Racine et al. 1988 demonstrated that cuts that
were surgically placed to disrupt the ventral amygdala-fugal
pathway had no effect on amygdaloid kindling. Therefore,
these results suggest a difference in the neuronal mecha-
nisms involved in amygdaloid and hippocampal kindling,
which may support our speculation.

Diazepam, another benzodiazepine derivative, showed
an anticonvulsive effect against an amygdaloid kindling

Žmodel Wise and Chinerman, 1974; Racine et al., 1975;
.Loscher and Schwark, 1985 . However, it did not necessar-¨

ily suppress after-discharge duration at the stimulated site
Ž .with the amygdaloid-kindled seizures Morita et al., 1982 .

In the present study, dipotassium clorazepate significantly
suppressed the after-discharge duration in a dose-depen-
dent manner. In pentylenetetrazol-induced seizures in rhe-
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sus monkeys, dipotassium clorazepate showed more stable
Žanticonvulsive effects than did diazepam Plotnikoff and

.Obrien, 1974 . The development of tolerance to the anti-
convulsants limits the clinical usefulness of benzodi-
azepines. A slower onset and lack of clear tolerance were
found after treatment with dipotassium clorazepate com-

Ž .pared to diazepam Frey et al., 1984; Scherkl et al., 1989 .
Thus, we speculate that dipotassium clorazepate may have
a more consistent anticonvulsive effect and be more useful
because of the slower onset of tolerance compared to that
with diazepam. Further study may be needed to compare
the anticonvulsive effects of, and tolerance to, these two
drugs in the kindling model.

The effective serum concentrations of conventional
antiepileptic drugs reported for amygdaloid-kindled ani-
mals are almost identical to the therapeutic serum concen-

Žtrations in humans Wada et al., 1976; Hamada et al.,
.1990 . In humans, there is no direct relationship between

serum desmethyldiazepam concentration and clinical re-
Ž .sponse Booker, 1974; Mimaki et al., 1984 . Frey and
Ž .Scherkl 1988 proposed that the anticonvulsant effect of

dipotassium clorazepate is promoted by desmethyl-
diazepam, since dipotassium clorazepate is devoid of a
central nervous system pharmacological effect. In the pre-
sent study, dipotassium clorazepate suppressed seizure ac-
tivity in a dose-dependent manner with increases in the
concentration of desmethyldiazepam, which supports the

Ž .results of Frey and Scherkl 1988 .
ŽOne study showed no adverse effects Troupin et al.,

.1977 , while other studies found sleepiness or sedation
during treatment with dipotassium clorazepate in humans
Ž .Booker., 1974; Mimaki et al., 1984 . In the present study,
sedation was observed in the 5-mgrkg dosage group, but
adverse effects of dipotassium clorazepate on the motor
systems were slight.

The present study demonstrated that dipotassium clo-
razepate has a modest anticonvulsive effect without serious
adverse effects, which indicates the clinical usefulness of
dipotassium clorazepate for treatment of intractable
epilepsy.
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