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The differences in the effects of the (R,S)-S isomer of fenvalerate, (R,S)-alpha-cyano-3-
phenoxybenzyl (S)-2-(4-chlorophenyl)-isovalerate on the electrophysiological activity of the
central and peripheral nervous systems have been studied in the American cockroach,
Perviplaneta amevicana (L.). The (R,S)-S isomer of fenvalerate produced an increase followed
by a decrease in impulse frequency of both nervous systems. In the central nervous system,
the frequency level fluctuated among the each nerve impulse isolated from external recording
following application of the (R,S)-S isomer of fenvalerate. The maximum frequency of
repetitive firing in each nerve was not significantly different. In the peripheral nervous
system, the process of intoxication was nearly identical to that of the central nervous system
except that a change of frequency was not observed. The time required for the inhibition of
spontaneous discharge following the application of the (R,S)-S isomer of fenvalerate was
longer in the central nervous system as compared to the peripheral nervous system. There
was no significant difference with regard to the times to cessation spontaneous nerve activity
or the maximum frequency of repetitive firing induced by fenvalerate between central and
peripheral nervous system activities. These results indicate that one major difference be-
tween the peripheral and the central nervous systems regarding the effect of the (R,S)-S
isomer of fenvalerate on each nervous system is the onset time of the toxic effect after ap-

plication.

NTRODUCTION site of toxic action at the organismal level.®’
INTRODUCTIO Although many studies have demonstrated

Many studies have shown that pyrethroids that the peripheral nervous system is more
alter the activity of both central and peripheral  sensitive to pyrethroids than the central
nervous systems.»® One major interest has  nervous system,*® why the peripheral nervous
been about the mode of action of pyrethroids system is more sensitive than the central
and DDT type insecticides, especially in  nervous system is still unknown. The purpose
regard to which nervous system is the actual  of the present study was to clarify the dif-
v _ ferences in the effect of pyrethroid, fenvalerate,
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of fenvalerate, (R,S)-S isomer of fenvalerate,
that is more toxic than the (R,S)-R
isomer. 1013

MATERIALS AND METHODS

1. Insects

Two- to 4-week adults of male American
cockroaches were taken from stock culture
reared with water and rat diet (CE-2, Clea
Japan Inc., Tokyo, Japan) at 25°C and 16L-
8D condition.

2. Imsecticides

The (R,S)-S isomer of fenvalerate was pro-
vided by Sumitomo Chemical Co. (Osaka,
Japan). Stock solutions of fenvalerate were
made in dimethyl sulfoxide (DMSO) at con-
centration of 1x1072M, 1x10®M and 1x
107 M.

3. Physiological Saline Solution

Physiological saline solution contained 200
mM of NaCl, 3.1 mm of KCl, 5.0 mMm of CaCls-
H:O, and was buffered at pH 7.2 with 1/15 M
of NaH:PO.: and Na:HPO..

4. Insecticide Application

Stock solutions of fenvalerate were diluted
with the physiological saline solution. The
concentration of DMSO in the solution did not
exceed 19%,. This level of concentration
caused no adverse effect on nerve activity.
The test solution was applied directly to the
nerve preparations at room temperature.

5. Central Nervous System Preparation

After being anesthetized with CO:, the legs
and head of the cockroaches were removed. A
large opening was made in the cuticle of the
abdomen to remove the gut and associated
tissues. The tracheae associated with the
nervous system was also partially dissected
out. The neural sheaths of ganglia were re-
moved using microscissors and fine forceps.
Small nerves emerging from each ganglion
were crushed with forceps to eliminate sensory
discharges. The abdominal cavity was filled
with physiological solution and silver/silver
chloride electrode (0.05 mm in diameter) was
placed under the ventral nerve cord between
3rd and 4th ganglia.

6. Peripheral Nervous System Preparation

The dissection was identical to that describ-
ed for the central nervous system preparations.
In this case, however, the recording electrode
was placed under the nerve cord between the
6th ganglion and cercus to record the extra-
cellular sensory discharges.

7.  Recording

The external recording was performed using
the air-gap method. A small part of the nerve
cord was above the level of the bath solution.
Stainless wire was used for the reference elec-
trode which was placed in bath solution. All
recorded electrical signals were preamplified by
a microelectrode amplifier (MZE-8201) and a
biophysical preamplifier (AVB-2B), and were
displayed on an oscilloscope (VB-8) to which a
recording camera (PC-2B) was attached (Nihon
Kohden Co., Tokyo, Japan). All experiments
were started 10 to 15 min following the isola-
tion of the nerves. This time length was
sufficient for the preparation to recover to its
normal level of spontaneous activity. The
subsequent nerve activity of each preparation
was recorded for periods of up to 4 to 6 hr.

8. Calculation of the Spike Frequency

The activity of individual nerve fibers was
identified by the amplitude of their extra-
cellularly recorded action potential and was
analyzed separately. The frequency of im-
pulse was calculated as number of spikes per
min (mean4-S.D.).

9. Statistical Analysis

Data were analyzed by a two samples /-test
and a one-way analysis of variance using a
micro computer.

RESULTS

1. Central Nervous System

In the central nervous system, spontaneous
activity increased followed by repetitive firing
occurred at 5.834-4.0 min after the applica-
tion of 1x10°*M of the (R,S)-S isomer of
fenvalerate (Table 1). A conduction block of
the spontaneous discharge occurred with a
mean time of 43.64-18.5 min in the external
recording (Table 1). Each fiber contributing
to the external recording was identified by its
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Table 1 The time (in min) for onset of intoxication and cessation of action potential
or repetitive firing following application of the (R,5)-S isomer of fenvalerate to the
central and peripheral nervous systems of the American cockroach, Periplaneta
americana (L.} and the time (in min) for duration of intoxication.

Onset of toxicity Duration Cessation
Central
External 5.834+4.0 (6)a 43.6418.5 (7)x
Identified 19.74+9.6 (5)b 8.4812.8 (4)1 23.8412.2 4)y
Peripheral 0.4340.23 (7)c 11.645.3 (6)1 12.5+5.2 (6)z

Data were given in mean +S. D. with the number of experiments in parentheses.

The same letters are

not significantly different (#-test; $>0.05). Data were obtained from 7 preparations for external, 5 prep-

arations for identified and 7 preparations for peripheral.

Some data were excluded when the unsuita-

ble experimental conditions occurred for measurement including unclear time course of intoxication.
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Fig. 1 The frequency of impulse of the central
nervous system in the American cockroach after
application of the (R,S)-S isomers of fenvalerate.

Letter shows each identified nerve.

spike amplitudes, revealing differences in the
time course of toxicity (Fig. 1). In one fiber
(a), the spontaneous frequency was fluctuated
during the intoxication process. In another
(c), the frequency of repetitive firing was sus-
tained longer and then finally stopped. In
another (d), the frequency of the control firing
activity was monitored after application and
then inhibited. The onset of the spontaneous
activity increase in each identified nerve fiber
was averaged 19.749.58 min (Table 1). The
average period of time between the onset of
repetitive firing and cessation was 8.484-2.8
min (Table 1).

2. Peripheral Nervous System

In the peripheral nervous system, the effects
of the (R,S)-S isomer were almost identical to
those observed in the central nervous system.

:
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Fig. 2 The frequency of impulse of the peri-
pheral nervous system in the American cock-
roach after application of the (R,S)-S isomers of
fenvalerate.

Letter shows each identified nerve.

In the peripheral nervous system, the fre-
quency of repetitive firing was more steady,
within 1 min after application of the (R,S)-S
isomer of fenvalerate, spontaneous activity in-
creased (0.43-+40.23 min). This level was kept
until cessation occurred (Fig. 2a, b). The
mean duration of the fenvalerate effect was
11.64+5.3 min (Table 1). There was no dif-
ference in duration between the central and
peripheral nervous systems ({-test; $>0.05).
The time of cessation of repetitive firing after
application of 1x10~*M the (R,S)-S isomer
averaged 12.54-5.2 min (Table 1).

3. Frequency of Repetitive Firing

Table 2 shows the frequency of repetitive
firing (frequency per min) recorded during the
application of the 1 x107* M of (R, S)-S isomer
of fenvalerate. In the central nervous system
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Table 2 Frequency of repetitive firing during
application of the (R,S)-S isomer of fenvalerate
to the central and peripheral nervous systems of
the American cockroach.

Central Peripheral

642 +133 (9) 611183 (6)

Data were count per min and given in mean-+
S.D. with the number of experiments in paren-
theses. Fifteen cockroaches were used for these
experiments.

There was no significantly different between two
values (¢-test, p>0.05).

the maximum frequency of repetitive firing
was 6424133 spike per min compared to the
peripheral nervous system frequency of 6114
133 spike per min. There was no significant
difference between the central and peripheral
values (t-test; p>0.05).

DISCUSSION

Many studies have attempted to resolve
whether pyrethroids and DDT should be con-
sidered as centrallv or peripherally acting
toxins. Clements & May? reported that alpha-
cyano type pyrethroid had potent stimulatory
effects on the peripheral nervous of the desert
locust, Schistocerca gregaria (L.), and that the
repetitive discharge originated at the cell
rather than the axon. On the basis of these
results, they concluded that the primary site
of pvrethroid action was the peripheral
nervous system. Adams & Miller® investi-
gated the effect of tetramethrin on the motor
nerve activity of the housefly, Musca domestica
(L.). An extremely low dose of this compound
produced a repetitive discharge in the central
nervous system but not in the peripheral
nervous system. In the present study, the
repetitive discharge occurred both in the
central and the peripheral nervous systems
after applving 1x107°*M of the (R,S)-S
isomer of fenvalerate. The two systems differ
in the time needed for the repetitive firing to
cease following insecticide application (Table
1). In this aspect, the peripheral nervous
system is more sensitive than the central
nervous system to the (R,S)-S isomer of
fenvalerate. We examined identified nerve

activity making up the external recording in
the central nervous system. The time re-
quired for the cessation of repetitive firing is
averaged 8.484+2.8 min. This value was not
significantly different from that of the peri-
pheral nervous system (11.64-5.3 min). The
central nervous system is surrounded by con-
nective tissues such as the nerve sheath that
impedes some compounds from reaching the
site of action.**® This barrier might have
produced the delayed appearance of the toxic
effects observed in the central nervous system.
In contrast, the peripheral nervous system
lacks such barrier, therefore the insecticide
easily reaches the nerve membrane sodium
channels, 7.e., the presumed site of action.

The frequency of repetitive discharge was
highly stable (Table 2). In our recent ex-
periment, the threshold of transition from
resting state to spontaneous repetitive firing
state caused by the external Nat* concentra-
tion was changed by the pyrethroids (Nagata
et al., unpublished data). Although the thresh-
old Na* concentration was shifted lower value
in the preparatorily applied fenvalerate than
in the control preparation, the frequency of
spontaneous repetitive firing in high external
Nat* concentration was not significantly dif-
ferent in the presence or absence of pyrethroid.
This suggests that the appearance of repeti-
tive discharge is an intrinsic response of the
nervous system. Repetitive activity was ob-
served in many circumstances such as the ap-
plication of intense stimulation, changing in
ionic circumstances, high temperature, efc.
Pyrethroids and DDT type insecticides may
change the intrinsic response of the nervous
system to changes in the surrounding condi-
tions. There may be no difference in the
action of pyrethroid on Na channels in the
central and peripheral nervous systems, there-
fore an organismal difference might be the
cause of the differential sensitivity to pyre-
throid in each nervous system. The mecha-
nistic process relating the disruption of the
nervous function to insect death has not been
established, so that the importance of identi-
fying the organismal action site is not clear.
Further studies establishing the relationship
between toxicity and altered nervous activity
are needed to clearly identify the mode of
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action of fenvalerate.
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DEYIFTYARBRRE LU KHARERN
@ fenvalerate DYEMA
AKHZE—, HH IE
TEYIFTY)HIKMBERE X OREHER~D
fenvalerate (R, S)-S (kD VER DWW EBRAETFENTF
HEx W T H~7. Fenvalerate (R, S)-S iz &b H
OMBERIH L THREMELFRAL, EHEETRC
Lo FRIRMEE R CIE R E R E O B 8 Lc iR
B RTREFHIBEEI N L) - 7o KEEEROIE
SAMGHHE A Z 3 E CORFEIA KR RIC L L
C4&i <, fenvalerate (R, S)-S fKiTf+ 2 B2 EN
NBHDHIENRERT, IR O MBEN &> D
& omREEEE LT th ThohEERELZRTETO
Wi, hEORSEME, REEEYRITECORMY
HNAHHEREEB Lo ARBEROREN S ET
DOEFMICAE B VAVRS e, RIERE QBRI
WO FI R R A CEWIIR IR » Tz B EDZ L&
P b R R & REHERERBE ¢ o fenvalerate (R,
S)-S KDOVERADEWIZFHREBER % RT % CO REICE
WRB Y, FD I EXNHMERECOREAN NI D EZ
O BND—2DFELFRICKL>TWLEELLR
B.

NI | -El ectronic Library Service



