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Inhibition of rat hippocampal excitability by the Aconitum alkaloid,
1-benzoylnapelline, but not by napelline
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Abstract

The effects of the two structurally related Aconitum alkaloids, 1-benzoylnapelline and napelline, were investigated by extracellular
Ž .recording of the stimulus-evoked population spike in the CA1 region of rat hippocampal slices in vitro. 1-Benzoylnapelline 1–100 mM

exerted a depressant action on the orthodromic as well as on the antidromic population spike. Napelline failed to evoke a significant effect
at concentrations up to 100 mM. The inhibitory action induced by 1-benzoylnapelline was enhanced when the frequency of electrical
stimulation was increased. In contrast, reversal of the inhibitory effect was accelerated when stimulation frequency was decreased. The
activity-dependent mode of action of 1-benzoylnapelline raised the question of whether the drug is effective to suppress epileptiform
activity. The results obtained from experiments on epileptiform hippocampal slices revealed a reduction of the burst duration and of the
number of spikes in the burst as well as attenuation of the amplitude of the population spikes. These data support the conclusion that
1-benzoylnapelline, in contrast to the structurally related compound, napelline, has an activity-dependent inhibitory action on central
neurons. q 1997 Elsevier Science B.V.
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1. Introduction

It has recently been reported that different alkaloids of
the plants, Aconitum spec., have depressant effects in rat

Ž .hippocampal slices Ameri et al., 1996a,b . Interest in this
group of compounds arises from the use of Aconitum
roots in Chinese traditional medicine and folk medicine.
Different Aconitum alkaloids are widely used as an-
tirheumatics, analgesics, anesthetics, and in the treatment

Žof various neurological disorders Bisset, 1981; Han et al.,
.1988 . Aconitine, the main alkaloid of Aconitum spec.,

binds to site 2 of the voltage-dependent Naq channel,
activates the Naq channel at resting membrane potential

Ž .and inhibits inactivation Catterall, 1980 . In contrast, lap-
paconitine, which has been shown to inhibit epileptiform

Ž .activity in rat hippocampal slices Ameri et al., 1996a , is a
q Žblocker of the voltage-dependent Na channel Valeev et

.al., 1990 . The plant alkaloids, 1-benzoylnapelline and
napelline, occur in several Aconitum species, including A.

) Ž . Ž .Tel.: 49-731 502-4286; Fax: 49-731 502-4299.

Žnapellus from which their name derives Benn and Jacyno,
.1983 . These two alkaloids have very closely related chem-

Ž .ical structures Fig. 1 . The effects of both compounds in
the central nervous system have not been investigated.

The aim of the present study was to examine the effects
of 1-benzoylnapelline and napelline on rat hippocampal
excitability in order to obtain further insight into the action
of this class of alkaloids. Moreover, it was of interest to
investigate if the pharmacological effects of these alkaloids
correlate with their chemical structure. In the present study,
the effects of both compounds on stimulus-evoked popula-
tion spikes in normal and epileptiform rat hippocampal
slices were investigated by means of extracellular record-
ings.

2. Materials and methods

2.1. Slice preparation

Experiments were performed on 108 hippocampal slices
from 150 to 180 g male Wistar rats. The preparation of the
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Fig. 1. Chemical structure of the Aconitum alkaloids 1-benzoylnapelline
and napelline.

hippocampus was performed as described previously
Ž . Ž .Ameri and Jurna, 1991 . Slices 400 mm thick were cut
transversely to the longitudinal axis of the hippocampus
with a McIlwain tissue chopper. In the recording chamber,
the slices were kept submerged and held down on a nylon
net by a U-shaped piece of flattened platinum wire. The

Ž .standard artificial cerebrospinal fluid ACSF was gassed
Ž .with 95% O and 5% CO and contained in mM : NaCl2 2

124, KCl 3, NaH PO 1.25, NaHCO 26, CaCl 2.5,2 4 3 2

MgSO 2, glucose 15 at a pH of 7.4. It was superfused at a4

flow rate of 2 ml miny1 and had a temperature of 328C.
After 2 min, the perfusion fluid reached the recording
chamber which had a volume of 1.5 ml. In some experi-
ments, a modified ACSF was used in which either no

ŽCaCl was added and MgSO was increased to 4 mM low2 4
2q 2q .Ca rhigh Mg -ACSF in order to block synaptic trans-

Žmission, or in which no MgSO was added nominally4
2q .Mg -free ACSF in order to evoke epileptiform activity.

For recording of spontaneous epileptiform activity a low
Mg2qrhigh Kq-ACSF was perfused. This solution was
nominally Mg2q-free and contained 8 mM KCl.

2.2. Extracellular recording and electrical stimulation

ŽExtracellular recording electrodes 3 M NaCl, 5–10
.MV were placed in CA1 stratum pyramidale for record-

ing of stimulus-evoked population spikes. Field excitatory
Ž .postsynaptic potentials field e.p.s.ps were recorded from

the stratum radiatum. A bipolar concentric stimulation
Ž .electrode Rhodes Medical Instruments, USA was posi-

tioned in the Schaffer collateral commissural pathway or in
the alveus for orthodromic or antidromic stimulation, re-
spectively. The distance between the recording electrode
and the stimulation electrode was approximately 0.5 mm.

Ž .Extracellular stimuli 200 ms in duration were delivered
Ž .every 15 s in some experiments every 5 s . Drug effects

were investigated on population spikes elicited by using
half-maximal stimulus strength which was adjusted for
each slice at the beginning of the experiment. The signal
from the recording electrode was amplified by means of a

Ž .DP 301 amplifier Warner Instruments, USA . Analog data
were digitized by use of the TIDA data acquisition system
Ž .HEKA electronic, Germany .

2.3. Induction of epileptiform actiÕity

Epileptiform activity was induced after a control period
of 30 min in standard ACSF by means of two different
experimental protocols. In one set of experiments, epilepti-
form activity was elicited with bicuculline in order to

Žblock GABA receptors Campbell and Holmes, 1984; Her-
ron et al., 1985; Ault and Wang, 1986; Chagnac-Amitai

.and Connors, 1989 , in another set of experiments, MgSO4

was omitted from the bathing medium, leading to activa-
Ž .tion of N-methyl-D-aspartate NMDA receptor-mediated

Žresponses Coan and Collingridge, 1985; Anderson et al.,
.1986; Mody et al., 1987 . In standard ACSF, electrical

stimulation elicits a single population spike superimposed
on a field excitatory postsynaptic potential. During perfu-
sion of the slices with the epileptogenic ACSF, however,
the same stimulus evokes synchronized population bursts,
each consisting of multiple spike discharges. Significant
components of the epileptiform burst discharges include
the presynaptic fiber spike, the first postsynaptic popula-
tion spike and succeeding spikes which define epileptiform
activity. The experimental protocol consisted of 4 periods
characterized as follows: Period 1: perfusion with standard

Ž .ACSF control . Period 2: induction of epileptiform activ-
ity; perfusion of the epileptogenic ACSF. Period 3: test of
the effect of the alkaloid; addition of the alkaloid to the
epileptogenic ACSF used in period 2. Period 4: washout of
the alkaloid with the epileptogenic ACSF. In all experi-
ments, the individual amplitudes of the multiple population
spikes were quantified as mean percentages of the change
in response amplitude when compared to responses ob-
tained during perfusion of the epileptogenic ACSF in
period 2.

2.4. Data analysis

Data are expressed as means" standard deviation
Ž .S.D. . Statistical evaluation was performed by means of
Student’s t-test. Significance was assumed when PF0.05.
The amplitude of the population spike was determined
from the negative peak to a tangent drawn between the
preceding maximum and that following.

2.5. Drugs

Ž1-Benzoylnapelline and napelline obtained from O.
.Krishtal, Kiev, Ukraine were dissolved in dimethylsulf-

Ž .oxide DMSO to give stock solutions of 100 mM. These
solutions were diluted with ACSF to yield final concentra-
tions varying between 1 and 100 mM. The final concentra-
tion of DMSO never exceeded 0.1%, a concentration
which did not affect any of the parameters measured as

Žshown in control experiments. Bicuculline Sigma, Ger-
.many was dissolved in distilled water and applied at a

concentration of 10 mM to the ACSF.
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3. Results

Only data from the hippocampal slices which showed
Žnormal field potentials i.e., no second population spike by

.maximal stimulation intensity in response to electrical
activation of Schaffer collaterals or alvear fibers in stan-
dard ACSF were used for calculations. Furthermore, popu-
lation spikes had to be stable during a control period of at
least 30 min prior to application of drugs.

3.1. Effects of 1-benzoylnapelline and napelline on the
orthodromic and antidromic population spike

Ž .1-Benzoylnapelline 1–100 mM exerted a depressant
action on the amplitude of the orthodromic and antidromic
population spike recorded in CA1 stratum pyramidale in a

Ž .concentration-dependent manner Fig. 2 . At concentra-
tions from 10–100 mM, the inhibition of the orthodromic
spike was significantly stronger than the inhibition of the
antidromic spike. The attenuation of the orthodromic re-

Žsponse affected both the presynaptic fiber spike afferent
.volley and the postsynaptic population spike which is

generated by synchronous activity of the CA1 pyramidal
neurons. There was no visible effect on the onset of the
presynaptic fiber spike and of the antidromic population
spike, indicating that conduction velocity was not affected
by the alkaloid. The onset of the inhibitory action of
1-benzoylnapelline on the presynaptic fiber spike occurred
simultaneously with the inhibition of the postsynaptic pop-
ulation spike. The amplitude of the presynaptic fiber spike,
which represents the compound action potential generated

Fig. 2. Concentration–response curve for 1-benzoylnapelline in rat hip-
Ž .pocampal slices. 1-Benzoylnapelline 1 mM to 100 mM exerted an

Ž . Ž .inhibitory action on both the orthodromic v and the antidromic B

Ž .population spike PS . Each slice was treated with a single concentration
of the drug. At concentrations from 10–100 mM the differences between

Ž .the curves were significant at least P F0.05 The amplitude of the
population spike was normalized with respect to the control and was
plotted as a function of the logarithm of drug concentration. Each point
represents the mean value"S.D. recorded from 7 or 8 slices.

Fig. 3. Effect of 1-benzoylnapelline and napelline on the input–output
relationship. The amplitude of the postsynaptic population spike was

Ž .measured as a function of stimulus intensity in the control v and in the
presence of various concentrations of the alkaloids. 1-Benzoylnapelline
Ž . Ž . Ž .a was applied at a concentration of 10 mM B and 30 mM ' ,

Ž . Ž . Ž .napelline b at a concentration of 30 mM I and 100 mM ^ ,
respectively. Each graph shows a representative experiment out of 7
similar ones. On the right of the graphs, orthodromic population spikes
for the relevant experiment are shown. The spikes were evoked by
half-maximal stimulation intensity. Each trace is the average of 5 subse-
quent events measured at the end of drug application.

in the stimulus-activated Schaffer collaterals, was reduced
Ž . Žby 1-benzyolnapelline 10 mM by 18.36"4.8% ns7,

.PF0.01 . This decrease did not differ from the corre-
Žsponding decrease of the antidromic spike 20.87"2.1%,

.ns7 .
The antidromic population spike is elicited by direct,

alvear stimulation of the CA1 pyramidal cells recorded. In
response to antidromic stimulation, synaptic activation of
CA1 pyramidal cells via recurrent loops or perhaps by
orthodromic stimulation of basal dendritic afferents might
occur and could contribute to the generation of the evoked
potentials observed in these experiments. In order to elimi-
nate a possible contribution of presynaptic mechanisms to
the inhibitory action induced by 1-benzoylnapelline, synap-
tic transmission was blocked by a low Ca2qrhigh Mg2q

Ž .medium Andersen et al., 1978 . There was no significant
Ž .difference in the effect of 1-benzoylnapelline 10 mM on

the antidromic population spike, when a low Ca2qrhigh
Mg2q-ACSF was used in order to eliminate a possible
contribution of presynaptic processes to the action of the

Ž .drug ns6 . The inhibition of the antidromic spike in-
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ŽFig. 4. Potentiation of the inhibitory action of 1-benzoylnapelline 10
.mM by an increase in stimulation frequency. The columns represent the

means"S.D. in % of the control amplitude. Each column represents the
data from 7–8 experiments. An increase in stimulation frequency from 1

Ž . Ž .pulse per 15 s white columns to 1 pulse per 5 s grey columns
Ž .enhanced significantly at least P F0.01 the drug-induced inhibition of
Ž .the population spikes PS .

duced by this alkaloid even in the absence of synaptic
transmission suggests that it is mediated by a change in
axonal excitability.

The structurally related alkaloid, napelline, however,
did not affect neuronal excitability at concentrations of
3–100 mM. Neither the antidromic nor the orthodromic
population spike was changed in the experiments with
napelline. Due to the low solubility of this compound it
was not possible to test concentrations higher than 100
mM.

In a subsequent series of experiments, the influence of
the two alkaloids on the input–output relationship of the
synaptic response was investigated. For this purpose, elec-
trical stimuli of increasing intensity were applied to the
Schaffer collaterals and the amplitudes of the correspond-
ing population spikes were measured in the absence and
presence of different concentrations of 1-benzoylnapelline

Ž .and napelline, respectively Fig. 3 . The input–output
curves of the control show that the population spike ampli-
tude increased with stimulus intensity until a maximum

Žwas attained. In all slices tested, 1-benzoylnapelline 10
.and 30 mM produced a concentration-dependent shift to

the right of the input–output curve and decreased its
Ž .maximum, whereas napelline 30 and 100 mM was with-

out effect.
In order to investigate if the inhibitory action of 1-ben-

zoylnapelline was use-dependent, the frequency of electri-
cal stimulation was increased from 1 stimulus pulse per 15

Ž .Fig. 5. Frequency dependence of recovery from the inhibition induced by 1-benzoylnapelline 10 mM . Each data point represents the average of 5
Ž .subsequent measurements. The graphs in a were obtained from a slice which was stimulated orthodromically every 5 s during the entire recording time.

Ž .The graphs in b were obtained from a slice which was stimulated every 5 s until the end of drug application. When washout was started, the stimulation
protocol was changed in so far that stimuli were applied only every 60 s. Note the full recovery of the drug-induced inhibition when stimulation was at 60 s

Ž .interval b . The bar above each graph indicates when 1-benzoylnapelline was applied. The upper graphs show the time-course of the presynaptic fiber
spikes and the lower graphs show the time-course of the corresponding postsynaptic population spikes. The insets above the graphs represent sample spikes
recorded prior to drug application, and at the end of washout.
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Ž .Fig. 6. Inhibitory action of 1-benzoylnapelline 1-BN, 10 mM on the
Ž . Ž .field excitatory potential f-e.p.s.p. . a Field e.p.s.ps recorded extracellu-

larly in the apical dendritic region of area CA1. Schaffer collaterals were
stimulated every 15 s. Each curve is the average of 5 subsequent

Ž .responses. b Time-course of the inhibitory action of 1-benzoylnapelline
on the field e.p.s.p. The filled bar in the graphs indicates the time of drug
application. One representative experiment out of 8 similar ones is
shown.

s to 1 pulse per 5 s. In Fig. 4, the mean amplitude of the
presynaptic fiber spike, the postsynaptic population spike,
and the antidromic population spike measured at the end of
the application of 1-benzoylnapelline is compared for both
stimulation frequencies employed. Stimulating the Schaffer
collaterals or the alvear fibers with a higher frequency
caused a significant increase in the inhibitory effect in-
duced by this alkaloid.

When the higher stimulation frequency was also applied
during washout of 1-benzoylnapelline, the inhibitory effect

Ž .of the drug was irreversible Fig. 5a, b . In contrast, when
stimulation frequency during washout of the drug was

Ždecreased from 1 pulse per 5 s to 1 pulse per 60 s Fig.
.5c,d , the inhibitory effect on the postsynaptic population

Ž .spike was reversible in each slice tested ns8 .

3.2. Effect of 1-benzoylnapelline on the field e.p.s.p.

In order to further investigate whether the decrease in
the amplitude of the postsynaptic population spike was due
to attenuated transmitter release at the dendrites of the
CA1 pyramidal cells, extracellular recordings of field
e.p.s.ps were performed in the dendrite region of the CA1

Ž .pyramidal cells Fig. 6 . The field e.p.s.p. reflects synaptic
currents in the dendrites as a result of the action of

Ž .neurotransmitters. 1-Benzoylnapelline 10 mM reduced
the amplitude of the field e.p.s.p. by 42.33"6.7% of the

Ž .control ns8, PF0.001 . There was no significant dif-
ference in the 1-benzoylnapelline-mediated decrease of the
field e.p.s.p. and in the decrease of the postsynaptic popu-
lation spike.

3.3. Effect of 1-benzoylnapelline on epileptiform popula-
tion spikes

Considering the highly frequency-dependent inhibitory
action of 1-benzoylnapelline the question arises of whether
or not this drug will be capable to suppress experimentally
induced epileptiform activity. To further examine this
question, epileptiform activity was induced either by bicu-

Ž .culline 10 mM which interferes with the inhibitory trans-
mission or by perfusion of the slices with a nominally
Mg2q-free ACSF in order to activate NMDA receptor-
mediated responses.

Ž .Control experiments ns4 were performed with 10
mM bicuculline in order to observe if epileptiform activity
could be maintained for at least 6 h. About 5 min after the
addition of bicuculline, bursts of population spikes, which
reflect synchronous discharges of the neurons in the vicin-

Ž .ity of the recording electrode Anderson et al., 1986 , were
induced in area CA1. The elicited epileptiform burst activ-
ity became manifest as 4–6 negative population spikes of
declining amplitude on top of a positive postsynaptic field
potential of 40–50 ms in duration. The amplitudes of these
spikes became stable after 10–15 min and persisted during
the entire observation time of up to 6 h.

Table 1
Ž . 2qInhibitory effect of 1-benzoylnapelline 10 mM on epileptiform field bursts induced either by bicuculline or by a nominally Mg -free bathing solution

2qBIC 1-BN Mg -free 1-BN

Number of spikes 4.78"0.4 3.05"0.8 7.25"1.4 4.25"1.4
Ž .Burst duration ms 45.28"6.1 32.15"4.2 58.23"4.5 32.52"6.1

Ž .Amplitude of the first spike % 100 67.09"6.0 100 63.16"8.9
Ž .Amplitude of the third spike % 100 52.64"10.2 100 44.62"3.3

Ž .Data represent the means"S.D. of 8–9 experiments. 1-Benzoylnapelline 1-BN, 10 mM was applied for a duration of 150 min. The amplitudes of the
Ž . 2qspikes were normalized with respect to the corresponding spikes obtained by perfusion with bicuculline BIC, 10 mM or nominally Mg -free ACSF,

Ž .respectively. Each parameter measured was significantly decreased by 1-benzoylnapelline at least PF0.05 .
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Ž .In all slices tested, 1-benzoylnapelline 10 mM inhib-
ited the epileptiform population spikes. This effect was
similar when epileptiform activity was elicited by bicu-

Ž . 2qculline ns9 and by the nominally Mg -free ACSF
Ž .ns8 . In order to quantify the inhibitory action of 1-ben-
zoylnapelline, the number of spikes in the burst, the dura-
tion of the burst and the size of the first and third
population spike were determined at the end of period 2

Ž .and at the end of the drug-application period 3 . As shown
in Table 1 and Fig. 7, all parameters were significantly

Ž .diminished by 1-benzoylnapelline. It is obvious Fig. 7a
that the late spikes in the bursts were completely sup-
pressed by the drug.

After 150 min of application, 1-benzoylnapelline was
omitted from the bathing medium and slices were perfused

Ž .with the epileptogenic ACSF period 4 . During the entire
observation period of at least 2 h, the pattern of epilepti-

Žform activity observed during period 2 i.e., before applica-
.tion of 1-benzoylnapelline did not reappear. In view of the

control experiments, where epileptiform activity persisted
in all slices for at least 6 h, the inhibition was unlikely to
be due to fatigue, but can be considered to be an inhibitory
effect of 1-benzoylnapelline. This result is consistent with
the failure to recover observed during washout, when
electrical stimuli were applied at high frequency. In con-
trast, the experiments performed with low stimulation fre-

Ž .Fig. 7. Effect of 1-benzoylnapelline 1-BN, 10 yM on the orthodromic
2q Ž .response in nominally Mg -free ACSF. A Extracellularly recorded

population spikes from a representative experiment out of 8 similar ones,
showing the effect of 1-benzoylnapelline on an epileptiform burst induced
by omission of Mg2q from the bathing medium. The calibration bars in

Ž .the lower right corner apply to all records. B Time-course and sensitiv-
Ž . Ž . Ž .ity to 6-benzoylnapelline of the first v , second B and third '

Ž . 2qpopulation spike PS recorded in the absence of Mg . The amplitudes
of the spikes were normalized with respect to the amplitudes achieved
with perfusion of Mg2q-free ACSF. Data points represent mean values"

Ž .S.D. ns8 .

Ž .Fig. 8. Effect of 1-benzoylnapelline 1 and 3 mM on spontaneous
epileptiform activity which developed after omission of Mg2q and

q Ž 2qincrease of the K concentration from 3 to 8 mM low Mg rhigh
q .K -ACSF . Spontaneous activity was attenuated after the addition of

1-benzoylnapelline.

quency during washout showed that the inhibition induced
Ž .by the drug was completely reversible Fig. 5 .

In order to examine if 1-benzoylnapelline is capable of
inhibiting spontaneous epileptiform activity, slices were

2q q Ž .perfused with a low Mg rhigh K -ACSF ns4 . Spon-
taneous epileptiform activity occurred within 90–120 min
of perfusing with the modified ACSF. At a concentration
of 1 and 3 mM, 1-benzoylnappelline diminished both the
frequency and the duration of the bursts within 60–90 min
Ž .Fig. 8 .

4. Discussion

The aim of the present study was to investigate the
action of the plant alkaloid, 1-benzoylnapelline, on hip-
pocampal excitability and to compare its effect with that of
its structural analog, napelline. The present results demon-
strated an inhibitory effect of 1-benzoylnapelline at A
concentration of 1–100 mM, whereas the closely related
compound napelline lacked any effect at concentrations up
to 100 mM. 1-Benzoylnapelline attenuated the amplitude
of the orthodromically evoked presynaptic fiber spike and
the postsynaptic population spike as well as the antidromi-
cally evoked population spike. Electrophysiologically, this
drug seems to inhibit predominantly axonal excitability of
the afferents and, in consequence, neurotransmission be-
tween Schaffer collaterals and the CA1 pyramidal neurons,
thus suppressing the firing of the latter. This conclusion is
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supported by three experimental findings: First, the onset
of the diminution of the presynaptic fiber spike and the
onset of the postsynaptic population spike occurred simul-
taneously. Second, the decrease in size of the antidromic
spike did not differ significantly from the decrease in size
of the presynaptic fiber spike. Third, 1-benzoylnapelline
had a very similar inhibitory potency both in the presence
and in the absence of synaptic transmission. 1-Benzoylna-
pelline thus seems to possess local anaesthetic activity.
Local anesthetics like lidocaine are reported to decrease
the amplitude of the presynaptic fiber spike. Due to the
decreased afferent input they decrease the EPSP and the

Ž .postsynaptic population spike Weber and Taylor, 1994 .
Both local anesthetics such as lidocaine and anticonvul-
sants such as phenytoin are known to cause a frequency-
dependent block of the voltage-dependent Naq channel
ŽCatterall, 1987; Ragsdale et al., 1991; Wann, 1993; We-

. qber and Taylor, 1994 . In contrast to the Na channel
blockers, tetrodotoxin and saxitoxin, which block the chan-
nel independently of its conformational state, lidocaine and
phenytoin bind to the channel in its open state. When
stimulation is at a higher frequency a cumulative block of
the channel is achieved with these drugs, that is, more
molecules become bound with each opening of the chan-
nel. The more frequently the Naq channels are opened, the
greater the degree of block. Lidocaine and phenytoin re-
duce the probability of Naq channel opening when mem-
branes are depolarized, while allowing channel opening

Žwhen membranes are hyperpolarized Catterall, 1987;
.Ragsdale et al., 1991 . It is obvious from the present data

that the alkaloid, 1-benzoylnapelline, has a frequency-de-
pendent mode of action. 1-Benzyolnapelline shares this
mode of action with local anesthetics as well as with
aconitine and lappaconitine which also have been reported
to evoke a stronger inhibition when stimulation frequency

Ž .is increased Ameri et al., 1996a,b . It has been proposed
that the molecular site of local anaesthetic block is within
the ion conduction pathway, near the inactivation gate and
the selectivity filter and near the receptor site 2 for batra-

Žchotoxin and aconitine Wann, 1993; Fozzard and Hanck,
.1996 . Aconitine is well known to block the inactivation of

q Ž .the voltage-dependent Na channel Catterall, 1980 , and
there is a report that lappaconitine blocks this channel
Ž .Valeev et al., 1990 .

An important implication of the frequency-dependent
mode of action of Naq channel-active drugs is suppression
of aberrant neuronal activity that occurs in the pathophysi-

Ž .ological state of epileptic seizures Catterall, 1987 . In-
deed, 1-benzoylnapelline diminished epileptiform burst ac-
tivity in both models of epileptiform activity employed in

Ž .the present study. The first model bicuculline model
exploits the fact that seizures are associated with a dis-

Žturbed inhibition Campbell and Holmes, 1984; Herron et
al., 1985; Ault and Wang, 1986; Chagnac-Amitai and

. Ž 2qConnors, 1989 , whereas in the second model low-Mg
.model epileptiform activity has been described as the

consequence of activation of NMDA receptor-mediated
2q Žresponses due to the release of the Mg block Coan and

Collingridge, 1985; Anderson et al., 1986; Mody et al.,
.1987 . The present data show that the duration of the

bursts, the number of spikes in the burst, and the ampli-
tudes of the population spikes were equivalently inhibited
by 1-benzoylnapelline, indicating a powerful blockade of
all Naq channel-dependent activity. 1-Benzoylnapelline
attenuated spontaneous epileptiform activity even at a con-
centration of 1 mM, which failed to significantly affect the
population spike in control slices. However, since the
neurones are depolarized by the increased extracellular Kq

concentration, it cannot be excluded that 1-benzoylnapel-
line reduces the probability of Naq channel openings at
this depolarized potential.

Together, the results showed that the predominant effect
of the plant alkaloid, 1-benzoylnapelline, is a frequency-
dependent inhibition of axonal excitability which may
distort the spread of epileptiform events. The action is
concentration-dependent and, since napelline lacks any
effect, is specific for 1-benzoylnapelline. Further electro-
physiological experiments are required to investigate the
interaction of this compound with the voltage-dependent
Naq channel.
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