British Journal of Pharmacology (2001) 132, 587-595

© 2001 Nature Publishing Group Al rights reserved 0007-1188/01 $15.00 @

www.nature.com/bjp

Indoxacarb, an oxadiazine insecticide, blocks insect neuronal

sodium channels
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1 Decarbomethoxyllated JW062 (DCJW), the active component of a new oxadiazine insecticide
DPX-JW062 (Indoxacarb), was tested on action potentials and the inward sodium current recorded
from short-term cultured dorsal unpaired median neurones of the cockroach Periplaneta americana.
2 Under whole-cell current-clamp conditions, 100 nM DCJW reduced the amplitude of action
potentials and induced a large hyperpolarization of the resting membrane potential associated with a
41% increase in input resistance.

3 In voltage-clamp, DCJW resulted in a dose-dependent inhibition (ICsy 28 nM) of the peak
sodium current. Based on ICs, values, the effect of DCIJW was about 10 fold less potent than
tetrodotoxin (TTX) but 1000 fold more potent than the local anaesthetic lidocaine. DCJW (100 nMm)
was without effect on activation properties of the sodium current, reversal potential, voltage
dependence of sodium conductance and on both fast and slow steady-state inactivations.

4 TTX (2 nM) resulted in 48% inhibition of the peak inward sodium current. Co-application of
TTX (2 nMm) with various concentrations of DCJW produced an additional inhibition of the peak
inward current, indicating that the blocking actions of DCJW and TTX were distinct. Co-
application of lidocaine (ICsy 30 uM) with various concentrations of DCJW produced a reduction of
the apparent potency of DCJW, suggesting that DCJW and lidocaine acted at the same site.

5 DCIW (100 nm) did not affect inward calcium or outward potassium currents.

6 This study describes, for the first time, the action on insect neuronal voltage-dependent sodium

channels of Indoxacarb, a new class of insecticides.
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Introduction

The insect voltage-dependent sodium channel is an important
site of action for a variety of neuroactive compounds such as
poisons of plant origin (Pelhate & Sattelle, 1982; Benson,
1992), neurotoxins (Gordon, 1997; Pelhate et al., 1998;
Zlotkin, 1999) and insecticides including DDT, dihydropy-
razoles and pyrethroids (Sattelle & Yamamoto, 1988;
Soderlund & Bloomquist, 1989; Salgado, 1992; Bloomquist,
1996; Narahashi ef al., 1998; Zlotkin, 1999; Narahashi, 2000).
At present, synthetic pyrethroid insecticides (Gammon et al.,
1981) which are based on naturally occuring plant chemicals
(Elliott, 1977), are among the most widely used commercial
insecticides owing to their potency and rapid insect
intoxication (ataxia, convulsions, loss of locomotion and
coordination), their low toxicity for mammals and limited soil
persistence. However, intensive insecticide use has led to the
development of insect resistance to DDT, pyrethroids and
other compounds involving alterations at the site of action,
increased detoxication and metabolism (Sawicki, 1978;
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Oppenoorth, 1985; Bloomquist, 1993). This has fuelled the
search for new insect chemical control agents.

The latest generation of insecticides includes an oxadiazine
insecticide DPX-JW062 (Indoxacarb) which is active against
lepidopteran pests (Wing et al., 1998). A previous study has
shown that, in insects, this compound is rapidly cleaved to its
decarbomethoxyllated JW062 metabolite DCJW which, from
studies with extracellular recording electrodes, appears to be
a potent blocker of sodium-dependent action potentials in
lepidopteran (Manduca sexta) larval motor nerve preparation
(Wing et al., 1998). However, as the detailed mechanism of
action of DCJW on insect voltage-dependent sodium
channels is unknown, it has been tested on the well-
characterized sodium channels of cockroach (Periplaneta
americana) dorsal unpaired median (DUM) neurones using
the whole-cell patch-clamp technique (Lapied er al., 1989;
1990). We demonstrate that both background and voltage-
dependent sodium channels are major targets for this
insecticide and that its mode of action is quite distinct from
the actions of the other well-known sodium channel-active
commercial insecticides.
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Methods

Preparation and cell isolation of dorsal unpaired median
(DUM ) neurones

Adult male cockroaches (Periplaneta americana) reared at
29°C under a 12 h light—dark cycle were used. Electro-
physiological recordings were made from the somata of
dorsal unpaired median (DUM) neurones. Animals were
immobilized dorsal side up on a dissection dish. The cuticle,
gut and some dorsolongitudinal muscles were removed to
allow access to the ventral nerve cord. A preparation
containing the abdominal nerve cord and its terminal
abdominal ganglion (TAG) was dissected carefully under a
binocular microscope and transferred to cockroach saline.
Isolation of neuronal cell bodies was performed under sterile
conditions using enzymatic digestion and mechanical dis-
sociation of the median parts of the TAG, as previously
described (Lapied et al., 1989; Grolleau & Lapied, 1995).
Briefly, the dorsal median regions of six ganglia were
incubated for 40 min at 29°C in sterile cockroach saline
containing collagenase (CLS1, 1.5 mg ml~', Worthington
Biochemical Corporation, Coger, Paris, France). The ganglia
were then rinsed twice in normal saline and dissociated
mechanically by repetitive gentle suction using fire-polished
Pasteur pipettes. The DUM neurone cell bodies were allowed
to settle on poly-D-lysine hydrobromide (MW 70,000—
150,000, Sigma Chemicals, L’isle d’Abeau Chesnes, France)
coating the bottom of a Petri dish. The DUM neurones used
in the present study were identified as previously described
(Lapied et al., 1989).

Whole-cell recording and data analysis

The whole-cell patch-clamp recording configuration (Hamill
et al., 1981) was used to record membrane currents (voltage-
clamp mode) and action potentials (current-clamp mode).
Signals were recorded using an Axopatch 200A amplifier
(Axon Instruments Inc., Foster City, CA, U.S.A.). Patch
pipettes were pulled from borosilicate glass capillary tubes
(Clark Electromedical Instruments, Reading, U.K.) with a
PP-83 electrode puller (Narishige, Japan) and had resistances
of 0.5-0.9 MQ when filled with the pipette solution (see
composition below). The liquid junction potential between
bath and internal solution was always compensated before
the formation of a gigaohm seal (>2 GQ).

For voltage-clamp studies of the inward sodium current,
step voltage pulses were generated by a programmable
stimulator (SMP 310, Biologic, Claix, France) or an IBM
pentium 100 computer with pClamp software control
(pClamp version 6.03, Axon Instruments, U.S.A.). The
computer was connected to a 125 kHz labmaster DMA data
acquisition system (TL-1-125 interface, Axon Instruments,
U.S.A)). Unless otherwise indicated, cells were clamped at a
holding potential of —90 mV, and test pulses of 30 ms
duration were applied at 0.3 Hz. Although most of the
capacitance and leak current were compensated electronically
at the beginning of each experiment, subtraction of residual
capacitance and leak current were performed on-line using
the P/4 protocol provided by pClamp software. By this
means, the computer generated four subpulse voltage wave-
forms prior to the application of the main test pulse.

Currents evoked by the subpulses were added together to
compute capacitance and leak current and were subtracted
from currents evoked by the main pulses to yield the final
leak-subtracted currents. It was possible to compensate for
up to 85% of the series resistance without introducing
oscillations into the recorded currents. Data were displayed
on a digital oscilloscope (310, Nicolet Instrument, Madison,
WI, U.S.A.) and stored on the hard disk of the computer
(sampling frequency 30.3 kHz) for subsequent off-line
analysis. Inward calcium currents and outward potassium
currents were recorded as described in detail elsewhere
(Grolleau & Lapied, 1995; 1996).

For current-clamp experiments, depolarizing current pulses
were elicited at 0.5 Hz with a programable stimulator (SMP
310, Biologic). Evoked action potentials were displayed and
stored on the hard disk of the computer using pClamp as
described above.

Solutions and chemicals

The extracellular solution superfusing the cell used to record
inward sodium current contained (mMm): NaCl, 100; Tetra-
ethylammonium-chloride (TEA-CI), 100; KCI, 3.1; CaCl,, 2;
MgCl,, 7; CdCl,, 0.5; 4-aminopyridine (4-AP), 3; HEPES, 10;
pH 7.4. Patch-clamp electrodes were filled with an internal
solution containing (mM): CsCl, 80; CsF, 80; NaCl, 15;
MgCl,, 1; ATP-Mg, 2; EGTA, 5; HEPES, 10; pH 7.4. The
superfusing solutions and the internal pipette solutions used
to record inward calcium and outward potassium currents
were designed to eliminate any interference from sodium
currents as previously described (Grolleau & Lapied, 1995;
1996).

For current-clamp experiments, the bathing solution
contained (mMm): NaCl, 200; KCI, 3.1; MgCl,, 4; CaCl,, 5;
HEPES, 10; pH 7.4. The recording electrode was filled with
the following solution (mMm): K-aspartate, 150; KF, 10; NaCl,
10; MgCl,, 1; ATP-Mg, 3; CaCl,, 0.5; EGTA, 10; HEPES,
10; pH 7.4. All compounds were purchased from Sigma
Chemicals (L’isle d’Abeau Chesnes, France). DCJW stock
solution (10 mM) was prepared in dimethylsulphoxide
(DMSO). Final dilution contained at most 0.1% DMSO.
These concentrations of solvent were found to be without
effect on the electrical activity of DUM neurones. Experi-
ments were carried out at room temperature (20°C). Data
were expressed as mean+s.e.mean. The Student’s t-test was
used for statistical analysis.

Results

Effects of DCJW on membrane potential and triggered
DUM neurone action potentials

The somata of cockroach terminal abdominal ganglion
(TAG) DUM neurones maintained in short-term culture
generate spontaneous overshooting sodium-dependent action
potentials (Grolleau & Lapied, 2000) and are characterized
by a resting membrane potential depending on the external
concentration of both potassium and sodium (Lapied et al.,
1989; 1999). When the isolated cell body was superfused with
DCJW (Figure 1) at 100 nM, the amplitude of the action
potential elicited by a depolarizing current pulse (0.8 nA for

British Journal of Pharmacology vol 132 (2)



B. Lapied et al

DCJW blocks neuronal Na* channels 589

40 ms) was reduced (Figure 2A). This blocking effect of
DCJW was associated with a hyperpolarization (from
—53.5+0.7 to —72.54+28mV; n=5) of the resting
membrane potential (Figure 2B,D). Artificial depolarization
imposed upon the DUM neurone cell body to bring its
resting potential back to the control value in the continued
presence of DCJW failed to reverse action potential
attenuation (Figure 2C). Moreover, an increase in DUM
neurone input resistance (by 41+3%; n=>5) in response to a
hyperpolarizing current pulse (150 ms in duration) was
observed after application of 100 nMm DCIJW (Figure 2D).
This indicated that the hyperpolarization was due to the loss
of a depolarizing conductance. The findings demonstrate that
voltage-dependent sodium channels involved in the depolar-
izing phase of the action potential (Lapied et al., 1990) are
blocked by DCJW. The membrane hyperpolarization and
conductance changes observed in the presence of DCIW
could most simply be accounted by block of sodium channels
previously identified as background sodium channels involved
in the maintenance of the resting potential (Lapied er al.,
1989; 1999). The remaining part of this present study is only
focused on the mode of action of DCJW on the properties of
the voltage-dependent inward sodium current, under voltage-
clamp conditions.

Effects of DCJW on the DUM neurone voltage-dependent
inward sodium current

Figure 3A shows a typical DUM neurone voltage-dependent
inward sodium current elicited by a 30 ms depolarizing pulse
to —10 mV applied from a holding potential of —90 mV.
Application of 100 nMm DCJW for 6 min reduced the
maximum amplitude of the sodium current by about 60%
without affecting either time-to-peak, or inactivation of the
inward current. The peak current-voltage relationship is

illustrated in Figure 3B. This shows that the current starts
to activate at about —40 mV, reaches a maximum of
—10.0+ 1.1 nA (n=7) and then decreases to an extrapolated
reversal potential of +48.6 mV, a value very close to the
calculated Nernstian equilibrium potential for sodium ions
(+48 mV). The smooth line represents the best fit to the
mean data (n=7) according to the equation (Stithmer, 1988):

Ina = G[1 = {1/(1 4+ exp((V = Vo.5)/K)H(V = Vi) (1)

where Iy, is the maximum current, V is the membrane
potential, Vo.s= —21.5 mV and K =4.3 mV are the activation
parameters, G=196nS is the conductance and
View=1t48 mV is the reversal potential. These last two
parameters were obtained from the linear regression (correla-
tion coefficient r=0.998) through the data points for
potentials more positive than 0 mV. As shown in Figure
3B, 100 nMm DCJW reduced the maximum amplitude of the
inward current at all potentials tested. The smooth line
corresponding to the best fit through the data points (n=7)
according to equation (1) indicated that the sodium
conductance was reduced from 196 to 84 nS whereas the
activation parameters (Vos=—19.8 mV, K=4.5 mV), the
potential at which the current was maximum and the reversal
potential were all unaffected. To test whether DCJW affected
the voltage dependence of the sodium conductance (Gna)
underlying the inward sodium current, Gn, was calculated
from equation (2) using data obtained prior to and after
application of 100 nMm DCJW (see Figure 3B).

GNA = INd/(V - Vrcv) (2)

The curves shown in Figure 3C indicated that Gy, increased
strongly from —40 to +10mV and then reached a
maximum. After DCJW application, the maximum Gp,
represents only 47% of the control value without changes in
the Gy, voltage dependence (Figure 3C).
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Figure 1 The chemical structure of the oxadiazine insecticide DCJW is shown together with structures of the local anaesthetic
lidocaine, the dihydropyrazole RH 3421 and the well-known sodium channel active insecticide the pyrethroid deltamethrin.

*Denotes chiral center.
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Figure 2 Using the whole cell current-clamp recording configuration, the effect of DCJW on membrane potential and triggered
action potentials recorded from an isolated DUM neurone cell body are demonstrated. Action potentials elicited by a 40-ms
depolarizing current pulse (0.8 nA) were recorded from an isolated cell body held at —52 mV prior to (A, control) and following
the application of 100 nM DCIJW (B,C). DCJW reduced the action potential amplitude and produced a large hyperpolarization (B,
arrow). Artificial depolarization of the neurone to bring its resting potential back to the control value was ineffective in reversing the
DCJW blocking effect (C). (D) The amplitude of the DCJW-induced hyperpolarization is plotted as a function of time of
application (n=15). Inset: shows the membrane potential recorded in response to a hyperpolarizing current pulse (150 ms in
duration) in saline (control 1) and 15 min (2) after the application of 100 nm DCIJW.

The effects of DCIJW on the voltage dependence of both
fast and slow steady-state inactivation were also tested. A
conventional two-pulse voltage-clamp protocol was used.
Inactivation properties were examined by applying a
conditioning pulse between —120 and +20 mV (in 10-mV
increments, each pulse being 110 ms and 1 min in duration
for fast and slow inactivation, respectively). The membrane
potential was then stepped back to the holding potential
(=90 mV) for 2 ms and a 30-ms test pulse was applied to
—10 mV, a potential at which the inward sodium current was
maximum. Inactivation curves (Figure 3D) were obtained by
plotting the amplitude of the inward current, measured at
different conditioning potentials, in normal saline and
following addition of 100 nMm DCJW. The smooth curves
were fitted through the mean data points (n=7) using the
single Boltzmann distribution:

hw = 1/{1 +exp[(V — Vo5)/K]} 3)

where Vs, is the potential at which half the sodium channels
are inactivated and K corresponds to the slope factor. Under
the control condition (Figure 3D), fast inactivation had a V5
at —41 mV and a slope factor K of 9.7 mV (correlation
coefficient r=0.998; n=7) whereas slow inactivation mea-
sured at steady-state had a Vys at —70 mV and K of
10.5 mV (correlation coefficient r=0.997, n=8). After
treatment with 100 nM DCJW, no significant shifts of both
inactivation curves were observed (P> 0.05; Figure 3D). Thus
DCJW affected the peak amplitude of the inward sodium
current whereas both activation and inactivation were
unaffected by this compound.

Dose-response curves for DUM neurone sodium channel
block by DCJW, TTX and Lidocaine

Isolated DUM neurones were exposed to various concentra-
tions of DCJW (Figure 4A). Mean values for percentage

inhibition of peak inward sodium current amplitude were
plotted against the logarithm of the non-cumulative
concentration of DCJW (Figure 4B). The sigmoid curve
corresponded to the best fit (correlation coefficient »=0.998)
according to the Hill equation. The ICsy value estimated for
DCJW (i.e., the concentration of DCJW that produces 50%
inhibition of the peak inward sodium current) was 28 nM.
The data for DCJW were compared with the dose-dependent
actions of tetrodotoxin (TTX) and the local anaesthetic
lidocaine (Figure 4B,F). The TTX concentration-response
curve was shifted significantly to the left in a parallel
manner with no significant change in the maximum blocking
effect. The estimated ICsy (2 nM) was about an order of
magnitude lower than that for DCJW. An additional set of
experiments was performed involving co-application of
DCJW and TTX. As shown in Figure 4C, the fraction of
the residual inward sodium current measured following
application of 2 nM TTX (the estimated ICs, value) was
further reduced when 28 nM DCJW (the estimated ICsq
value) was co-applied with 2nM TTX. The simplest
explanation is that DCJW acts on a site different from that
of TTX. To address this hypothesis, the effect of co-
application of TTX and DCIJW was tested. TTX (2 nM)
applied alone produced 48.3+2.6% (n=06) inhibition of the
peak inward sodium current. As illustrated in Figure 4D, co-
application of TTX (2 nM) with various concentrations of
DCJW produced an additional DCJW-induced dose-depen-
dent inhibition of the maximum peak inward current. In
other words, TTX did not prevent the blocking effect of
DCJW. These results suggested that the voltage-dependent
sodium channel site with which TTX interacts seems to be
distinct from the DCJW site. By contrast, as illustrated in
Figure 4B, DCJW was a more potent blocker of the inward
sodium current than the local anaesthetic lidocaine. The
threshold concentration of lidocaine inhibiting the inward
sodium current was about 50 nM. The inhibitory action was
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Figure 3 Effects of DCJW on the DUM neurone voltage-dependent inward sodium current. (A) Sodium inward current traces
obtained by a 30-ms depolarizing pulse to —10 mV from a holding potential of —90 mV, in the absence (control) and presence of
100 nMm DCJW. Currents are leak- and capacity-corrected. (B) Effect of DCJW on the current-voltage relationship of the inward
sodium current. The maximum peak current amplitude was plotted versus membrane potential before (control) and after application
of 100 nm DCJW. (C) Voltage dependence of the normalized sodium conductance of the inward current was calculated according to
equation 2, in normal saline (control) and after the application of 100 nm DCIJW. (D) Superimposed voltage dependence of the fast
and slow steady-state inactivation curves of the inward sodium current in normal saline (control) and in the presence of 100 nm
DCJW. The smooth lines are fitted through the mean data points using the single Boltzmann distribution (equation 3). Data are

means + s.e.mean.

enhanced with increasing lidocaine concentration (Figure
4B). The ICsy was 30 uMm (about 1000 fold higher than the
ICs value estimated for DCJW) and the complete inhibition
of the inward sodium current was observed in all DUM
neurones at a concentration of 10 mM. As shown in Figure
4E, the fraction of the residual inward sodium current
remaining after application of 30 uM lidocaine (the estimated
ICs value) was not further reduced when 28 nMm DCJW (the
estimated ICso value) was co-applied with 30 uM lidocaine.
When lidocaine (30 uM) was co-applied with various
concentrations of DCJW (Figure 4F), the concentration-
response curve was shifted to the right on the logarithm of
concentration axis with a same maximum reached as
compared with the DCIJW curve. These results indicated
that the presence of lidocaine reduced the apparent potency
of DCJW. This could suggest, among other possibilies that
DCJW and lidocaine act similarly.

DCJW fails to block DUM neurone inward calcium
currents and outward potassium currents

To check whether or not DCJW acted selectively on voltage-
dependent sodium channels, voltage-clamp experiments were
also performed on both inward calcium and outward
potassium currents previously characterized in the same
preparation (Grolleau & Lapied, 1995; 1996). The inward
calcium current evoked by a 100-ms depolarizing pulse to
—10 mV from a holding potential of —100 mV is shown in
Figure 5Aa. This calcium current was electrophysiologically
and pharmacologically identified as high-voltage activated
(HVA) current in experiments described in detail elsewhere
(Grolleau & Lapied, 1996). A biphasic curve was obtained
when the amplitude of the peak calcium current was plotted
as a function of membrane potentials (Figure 5Ab). The first
part of the curve described an inward current appearing at a

British Journal of Pharmacology vol 132 (2)
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Figure 4 Effects of TTX, DCJW and lidocaine on DUM neurone voltage-dependent inward sodium current. (A) Inward sodium
currents evoked by 30-ms depolarizing steps from —90 to — 10 mV before (control) and following application of 100 nM and 1 um
DCJW. (B) Semi-logarithmic dose-response curves for the blockade of inward sodium current by TTX, DCJW and lidocaine. The
percentage inhibition of the peak inward sodium current was plotted as a function of log [TTX], log [DCJW] and log [lidocaine].
The smooth line represents the best fit to the mean data according to the Hill equation. (C) Comparative histograms of the
percentage of residual inward current measured after application of 2 nM TTX and a solution containing 2 nm TTX +28 nm DCIJW.
These concentrations correspond to the I1Csy values calculated from the semi-logarithmic dose-response curves shown in (B). (D)
Effects of co-application of 2 nm TTX (corresponding to the ICs,) with various concentrations of DCJW. Data plotted are mean
values +s.e.mean. (n=06). (E) Comparative histograms of the percentage of residual response measured after application of 30 um
lidocaine and a solution containing 30 uM lidocaine and 28 nM DCJW. These concentrations are the ICsq values obtained from the
semi-logarithmic dose response curves shown in (B). (F) Effects of co-application of 30 um lidocaine (ICsy) with various
concentrations of DCJW. Data are mean values+s.e.mean (n=7).
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membrane potential above —70 mV which gradually pla-
teaued between —60 and —45 mV before rising steeply again
and peaking at —10 mV. This biphasic aspect of the current-
voltage relationships was shown to result from activation of
both low-voltage activated (LVA) and high-voltage-activated
(HVA) calcium currents (Grolleau & Lapied, 1996). As
illustrated in Figure SAc application of 100 nMm DCIJW was
without effect on the amplitude and voltage dependence of
either LVA or the HVA inward calcium currents (Figure
5Ab,c).

The effects of DCIJW on DUM neurone outward
potassium currents (Grolleau & Lapied, 1995) were also
examined. To isolate the voltage-dependent outward potas-
sium current, the inward sodium current was blocked by
adding 100 nM TTX. Figure 5Ba shows a typical example of
the resulting outward potassium current evoked by depolar-
ization (100 ms in duration) from a holding potential of
—80 mV. DCJW (100 nM) resulted in a slight reduction of
the peak outward current without affecting either the late
component or the voltage dependence of the potassium
current, as illustrated in the Figure 5Bb where both peak
transient and late outward currents (measured at the end of
the pulse) were plotted against various test potentials (in 10-
mV increments) from a holding potential of —80 mV. The

effects of DCJW on the peak current (Figure 5Bc) were not
significant (P>0.05).

Discussion

This study is the first whole-cell patch-clamp analysis of the
blocking action of DCJW on the TTX-sensitive insect
neuronal voltage-dependent sodium channels. This effect is
similar to the blocking action of DPX-JW062 observed on
the rat dorsal root ganglion neurone voltage-dependent
sodium current (Nagata et al., 1998) but differs strikingly
from those reported for other insecticides such as pyre-
throids, the widely employed insecticides also known to affect
voltage-dependent sodium channels (Bloomquist, 1996;
Zlotkin, 1999; Narahashi, 2000). DCJW induces a hyperpo-
larization of the membrane potential associated with an
increase in input resistance and a reduction in action
potential amplitude. The DCJW-induced hyperpolarization
reflects an alteration of background sodium channels which
are known to be involved in driving the membrane potential
to the threshold for action potential generation and in
determining the firing pattern of pacemaker DUM neurones
(Lapied et al., 1989; 1999). The reduction of the action
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Figure 5 Absence of blocking effect of DCJW on inward calcium and outward potassium currents. Whole-cell high-voltage
activated (HVA) calcium current (Aa) elicited by 100-ms depolarizing voltage pulse to —10 mV from a holding potential of
— 100 mV, before (control) and after application of 100 nm DCJW. (b) Current-voltage relationships constructed from values of
peak current plotted as a function of test potentials, in control and after application of 100 nm DCJW. (c) Histogram comparing the
peak HVA current recorded before (control) and after bath application of DCIW (n=4). (Ba) Superimposed global outward
potassium current traces recorded in saline containing 100 nM TTX (control) and following application of 100 nm DCIJW. Outward
currents were evoked by depolarization to +10 mV (100 ms in duration) from a holding potential of —80 mV. (b) Current-voltage
relationships of both peak and late outward potassium current before and after application of 100 nm DCJW. (c) Histogram
comparing the effect of 100 nm DCJW on the peak outward current measured at + 10 mV. In both cases, the Student’s -test (@)
was used to indicate that the difference was not significant (P> 0.05, n=4).
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potential amplitude correlates well with the effects of DCIJW
observed on the voltage-dependent sodium current. DCJW
blocks the DUM neurone inward sodium current amplitude
without modification of either inactivation or activation
kinetics as is the case for pyrethroids and DDT (Bloomquist,
1996; Narahashi, 1996; 2000; Narahashi et al., 1998).
Although the effect of DCJW on DUM neurones is very
similar to that observed when TTX is tested under both
current- and voltage-clamp conditions (Lapied et al., 1989),
experimental evidences based on the inhibition curve of
DCJW obtained in the presence of a partially effective
concentration (ICsg) of TTX indicate that the blocking
actions of DCJW and TTX on voltage-dependent sodium
channels are distinct.

The present study also shows that DCJW seems to act at
the same site of the local anaesthetic, lidocaine, a class of
drugs also known to block voltage-dependent sodium
channels (Bean et al., 1983; Catterall, 1987; Kaneda et al.,
1989; Hille, 1989; 1992). Co-application of various concen-
trations of DCJW in the presence of 30 uM lidocaine reveals
a shift of the inhibition curve to the right indicating a
reduction of the apparent potency of DCJW. Block by local
anaesthetics such as procaine, lidocaine or etidocaine is
complex, mainly due to the use-dependent (phasic) effect but
also due to the tonic block of sodium current (Hille, 1992). It
has previously been shown that, in most cases, local
anaesthetics have higher affinity for inactivated rather than
resting state of the channels (Ulbricht & Stoye-Herzog, 1984;
Strichartz & Wang, 1986; Wang et al., 1989). Similar
observations have been made with another class of
insecticidally-active molecules the dihydropyrazoles (e.g.,
RH-3421, RH-1211) (Salgado, 1990; 1992). These com-
pounds, though not developed as commercial insecticides,
are capable of blocking spike initiation with no change in
resting membrane potential or input resistance. Voltage-
clamp experiments show that sodium current block by
dihydropyrazoles is strongly voltage-dependent. This effect
described as a shift of the steady-state sodium current
inactivation curve toward hyperpolarization, indicates a
selective binding to the inactivated state of the channel
(Salgado, 1990; 1992; Bloomquist, 1996). Because dihydro-
pyrazoles bind much more slowly than do the local
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