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In the previous report on the.insect toxicologi-
cal properties of nereistoxin, 4-N, N-dimethyl-
amino-1, 2-dithiolane, the author noticed that the
symptoms of the poisoned insect by nereistoxin
were quite dissimilar to those of known insecti-
cides, such as organophosphates or chlorinated
hydrocarbons!?,

Although the preliminary observations were
incidental to the toxicological experiments, it was
found that the insects poisbned by nereistoxin
manifest little hypersensitivity, convulsion or
agony. These symptoms which are likely to be
specific to nereistoxin are presumed to be derived
from a particular mechanism of insecticidal action
of this compound,

The experiments reported herein show the re-
sults of the symptomatological investigations of
nereistoxin-poisoned insects.

The results would be valuable as a step to
approach the mechanism of insecticidal action of
nereistoxin.

Materials and methods
Insects The insects used in the experiments

were the adult male German cockroach (Blattella
germanica L.), the adult female house fly (Musca
domestica L.) which was susceptible to insecti-
cides (lab-em-7-em strain) and the adult male
American cockroach (Periplaneta americana L.).
These insects were reared at the temperature of
25°C.

Chemicals Pure nereistoxin hydrogen oxalate
which was synthesized® was used throughout the
experiments, The term “nereistoxin” designates
the hydrogen oxalate in this paper. The insecti-
cides employed for comparison were DDVP and
lindane. The purity of these compounds were
929 and 99% respectively.

Observations of toxic symptoms To observe
the general symptoms of the poisoned German
cockroach, the insect was topically treated with
acetone solution of nereistoxin on its ventral side
of the abdomen. In another test the solution of
the compound dissolved in 0.9% NaCl was in-
jected into the thorax of cockroach.

The symptoms were also observed in the house
fly injected with nereistoxin, Since the injection
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of nereistoxin caused paralysis promptly in the
fly, the early symptoms would be masked by the
prior anaesthesia with carbon dioxide, if the insect
was kept free, Therefore, to observe the symp-
toms accurately, the fly which was anaesthetized
with carbon dioxide was mounted at the tipof a
tooth-pick by fixing the tergum with the aid of
bees wax. After the insects recovered from the
anaesthesia, the nereistoxin dissolved in 0.9%
NaCl solution was' injected into the thorax.
Entomography of Germen cockroach The leg-
jerk entomogram was recorded kymographically®.
Namely the insect was fixed with an adhesive
tape ventral side up on a small glass plate,
Then the left hind leg was connected to the
lever with a fine silk thread and the movement
of the leg was magnified and recorded on a
smoked paper on a kymographion. Insecticidal
solution prepared with acetone were applied
topically on the ventral side of the abdomen.
Effects on the nervous action potentials The
effects of nereistoxin on the nervous activity

were investigated with house fly and the German

cockroach. For the house fly, the method of Ya-
masaki and Narahashi® was resorted to; viz. the
action potentials were led off by a pair of
electrodes, one electrode being inserted in the
femur of left hind leg while the other one in
the abdomen. The insecticidal solution prepared
with a Ringer solution was perfused onto the
exposed thoracic ganglion.

To investigate the relationship between the
symptoms and the aspects of nervous discharges,
the house fly which was injected with nereistoxin
was settled for leading off the discharges from
the left hind leg at a certain time after the ‘in-
jection,

In the experiments with the German cockroach
the electrodes were inserted as same as in the
test with the house fly. The sternum of thorax
was carefully remox;ed leaving the right hind leg
intact for leading off the action potentials. The
exposed thoracic nerve cord was treated with the
insecticidal solution.

Throughout the above-mentioned experiments,
the action potentials were observed and recorded
by a cathode ray oscilloscope. The experiments
were conducted at the temperature of 25°C. The
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Ringer solution used in the experiments consisted
of 214 mM Na*, 3.1 mM K* and 1.8 mM Ca**,
its pH was kept at 7.4 by phosphate buffer®,

Measurement of the respiratory rate The effect
of nereistoxin on the respiratory rate was deter-
mined by the standard Warburg’s method at the
temperature of 30°C and expressed as the oxygen
uptake. To test the effects in the intact insects,
three German cockroaches were kept in a flask.
Immediately before putting the insects into the
flask, the acetone solution of nereistoxin was
topically applied on the ventral side of abdomen.
For the determination of the effects of nereistoxin
on the tissue respiration, the femur of American
cockroach weighing approximately 200 mg was
floated in 1 ml of the Ringer solution in the
flask. The muscle was exposed to the nereistoxin
by removing a small portion of the cuticle. The
solution of nereistoxin (1 ml) prepared with the
Ringer solution was tipped into the flask from
the side arm.

Results

Symptoms of German cockroach When the
cockroach was treated topically on the ventral
side of abdomen with nereistoxin, for example at
the dosage of 100 pg/g, the first symptom was
a restless locometion though it was a rather slug-
gish motion ; viz. the insect walked around a
little actively in the glass jar keeping the insects.
This stage set in after a latent period of about
5 min. Besides the cleaning of the abdomen or
the antenae with the legs was observed.. About
15 min after the treatment, the locomotion was
gradually depressed and the normal posture could
not be sustained. However, the cockroach could
move in response to a mechanical stimulus such
as a touch with a forceps.

In the course of passing over to the complete
prostration, weak twitches of the legs manifested
in a low frequency. Thus the prostration set in;
the insect was immobilized or paralysed. Some
of the insects lay on back with continuous slow
movement of legs and antenae. This movement
of the appendages disappeared in the late period
of the prostration stage. The antenae lost
straightness, Although the prostration by this
dosage of nereistoxin continued over 10 hours, the
insect recovered from the poisoning? taking an
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approximately reversed sequence of the poison-
ing symptoms.

In the observation with lower and higher dosa-
ges, the same symptoms appeared in about the
same sequence as described above, excepting that
the first restless locomotion and the twitches of
legs in the prostrated insect scarecely manifested
in the test with a lower dosage.

Different symptoms were evoked by the injec-
tion of nereistoxin. Immediately after the treat-
ment with the dosage of 50 yg/g, the insect was
paralysed promptly. After about 2 min, the insect
was completely paralysed. The sequence of the
symptoms resembled to that in the injected house
fly as described later.

Entomograms of German cockroach In the
experiments of leg-jerk entomography of the cock-
roach, the characteristic waves were recorded
from the insect poisoned by nereistoxin. A typical
record is shown in Fig. 1. Immediately after
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Fig. 1. Leg-jerk entomograms of the poisoned
adult German cockroaches, Blattella germanica
L. a ~c : nereistoxin 125 ;g/g ; a : 0~10 min.
after the treatment ; b: 11~19min,;c:23~34
min, ; d, e: DDVP 200..g/g ; d : 0~5 min, ; e: 30~
36 min. ; f : lindane 50.:g/g, 58~72min.
A : mechanical stimulation.

the application of nereistoxin, quickly repetitive
jerks appeared (Fig. 1a). These jerks are con-
sidered apparently not to be an artifact because
the other insecticides tested in the experiments
or acetone alone did not evoke the jerks of this
kind. That the jerk appeared as a -result of
mechanical stimulus indicated that the insect
was not completely knocked down or prostrated.

The recorded waves that followed were inter-
mittent repetitive waves of quick flection and
slow extention (Fig.1b). The frequency and the
amplitude were rather small and the locomotion
continued for a fairly long period. The jerk of
leg resulted from the reaction to a mechanical
stimulus already disappeared in this period. The
locomotion gradually decreased in its amplitude
followed by the complete immobilization (Fig. 1c).

The entomograms recorded from the cock-
roaches poisoned by DDVP and lindane were
quite different from those of nereistoxin. The
followings are the typical records from the -
insects poisoned by these insecticides,

DDVP: Twitches of high frequency with su-
perimposed flection and extention set in imme-
diately after the treatment (Fig. 1d). Frequently
the succession of twitches altered with the slowly
and irregularly repetitive locomotion with low
amplitude and frequency. Followingly occured
jerk was repetitive with low amplitude and its
flection and extension were slow (Fig. le). In
the early period of this stage a single twitch
was superimposed on each of the slow jerks.
The waves continued with fairly regular frequency
until the insect was completely prostrated.

Lindane : In the early period of the poisoning
preceded by the latent period, several twitches
were frequently superimposed on a single flection
of low amplitude (Fig. 1f). The twitches grad-
ually lost their intensity and only weak tremors
remained before the complete prostration,

Symptoms of the poisoned house fly  The
posture and the locomotion of legs were mainly
observed on the house fly fixed on a tooth-pick.
The succession of symptoms of intoxication by
nereistoxin appeared in the main three stages as
described below.

1) Primary prostration stage : Almost imme-
diately after the injection, the fly was narcotized
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becoming flaccid and loosing leg prehensity.
The
insect was passive and only reactive to a strong

Sometimes legs were half contracted.

mechanical stimulus.

2) Leg-tremoring stage : In the second stage,
a fine tremor or a vibration of legs appeared.
The tremoring legs almost extended. The tremor
The re-
action to a mechanical stimulus disappeared com-
pletely.

was high in frequency and succesive.

The abdominal part extended. Some-
times defication was observed. The degree of
tremor was low at the beginning in the stage
and gradually increased, then decreased reaching
The flection of slightly
tremoring legs appeared at the end of this stage.

to the following stage.

3) Complete prostration stage : The tremor
disappeared, then the fly was prostrated com-
pletely. The legs were in a contracted posture.
The abdominal part still extended.

The sequence of symptoms of the house fly
injected with various dosages is shown in Fig.
2. Although the three stages apparently appeared
in turn in the flies treated with a high dosage
(50 ug/g) of nereistoxin, the order was considera-
bly disarranged in the test with low dosages (6
and 20 pg/g) in which some insects recovered

from the poisoning. In some cases of the low

#—I1

dosage tests, the tremor continued more than a
day, but in the others it was interupted by the

‘prostration,

In the poisoning of house fly by DDVP and
lindane which were topically applied and injected,
the sequence of the symptoms were quite differ-
ent from that of nereistoxin. The most distinct
difference of nereistoxin was the manifestation
of the “primary prostration” which did not appear
in the poisoning by the other insecticides.

Effects on the nervous discharges In the house
fly nereistoxin caused an increase in the frequency
of motor discharges. The development of the
burst of discharges evolved in the order described
below. A typical oscillographical record is shown
in Fig. 3.

Stage 1: After a very short latent period,
small spikes manifested in a fairly high frequency.

Stage 2 : The spikes of somewhat higher po-
tentials were superimposed on the spike train of
lower potentials, The superimposed spikes were
forming a train gradually (Fig. 3b).

Stage 3: The violent outburst of spike train
was established with the increase in the frequen-
cy and the amplitude. Besides, the characteris-
tic projection of enormous spikes occured increas-

ing the frequency in degrees. In this stage the
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Fig. 2. The time sequence of the toxic symptoms in the female house flies,
Musca domestica L. injected with nereistoxin. blank: normal, lined:primary
prostration, dotted : leg-tremoring, dark: complete prostration, The detailed
explanation on the symptoms is in the text.
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Fig. 3. The motor discharges led off from the
hind legs of the ganglion-exposed female house

flies, Musca domestica L. a : normal (before
treatment), b ~d : nereistoxin 107*M ; b : 5min.
after the treatment ; c : 14 min., d : 21min., e, f :

lindane 5% 10-*M; e. : 13 min.; f: 17 min, ;g:DDVP

10-‘M, 2min,

burst of discharges provoked the tremor of Ie.gs
(Fig. 3c).

Stage 4 : The frequency of enormous spike
gradually diminished, the continuous spike train
still remaining. Then the amplitude of the trained
spikes gradually decreased.

Stage 5: The intermittent spikes occured pro-
truding on the continuous train of a low ampli-
tude (Fig. 34d).

Stage 6: The superimposed spikes in Stage 5
did not appear any more. Finally the discharges
diminished gradually, The further application of
nereistoxin did not manifest any changes in the
dischages, even if the concentration of the
compound was higher than that in the prior
treatment.

Although it was difficult to make demarcation
of the different stages for the gradual changes
that followed one another, the approximate times
of the-initiation of the stages could be determined
by the continuous observation on the oscillo-
grams. The sequence of the abnormal discharges
evoked by nereistoxin is summarized in Table 1.

When the ganglion of the house fly was ex-
posed to the perfusate of nereistoxin, the higher
concentration shortened the period of each stage.
When treated with the high concentrations (10-3
and 10-*‘M), each of the stages proceeded orderly.
In preparations treated with lower concentration,
however, the stages appeared irregularly. In the
five preparations treated with 10-4M, one of them
manifested the extraordinary sequence of the
stages, and the lowest concentration (5x10-*M)
evoked the repetitive appearance of the different
stages of the discharges for a long period.

The relationship between the nervous dis-
charges and the symptoms was observable from
the result obtained with the flies injected with
The house flies in the
“primary prostration” stage evoked the discharges
of Stages 1 and 2. As observed on the flies of
which ganglion was exposed, it was evident that

nereistoxin (Table 1),

also in the injected flies the tremor of legs due to
the violent burst occurred in Stage 3. Since the
injection of low dosages of nereistoxin scarcely
evoked the leg-tremor and the complete prostra-
tion as observed in the experiments on the symp-
toms (Fig. 2), the injection of 6 pg/g caused
only Stage 1and Stage 2 in most cases.

The action potentials led off from the house
flies treated with lindane and DDVP did not bear
any resemblance in their aspects to those from
the insect treated with nereistoxin. The treat-
ment with lindane caused intermittent spike
trains (Fig. 3e) which were followed by the spike
trains of higher potentials (Fig. 3b). DDVP
caused the burst of discharges, but the potentials
were comparatively low (Fig. 3 g).

The treatment of the German cockroach with
nereistoxin initiated a stimulatory effects in the
motor discharges led off from the legs (Fig. 4).
The spike discharges evoked by the compound
were rather weaker than in the house flies.

Effects on the respiratory rate The amount
of oxygen uptake was increased to a great extent
in the cockroaches treated with nereistoxin. Yet,
the increase was promptly restored to the nor-
mal extent. No detectable changes were observed
compared with the normal insect after the
restoration to the normal extent (Fig. 5).

The respiratory activity of the isolated muscle

57



B B % 8 31 %I

Table 1. Sequence of motor discharges in the female house flies,
Musea domestica L.treated with nereistoxin. *
g? r:lcoesr;tgr:t(i)?n Indiv. Stage of nervous discharges )
nereistoxin no. 1 2 3 4. 5- .6
Perfusate
10—*M 1 0.5 1 1.5 3.5 4.5 7.5
2 0.5 1.5 2 4 6 9
2%x10-*M 1 1 3 5 7 10 10
2 2 5 6 7 9 14
3 1 4 7 9 10 15
10-‘M 1 2 3 5 7 8 10
2 1.5 3 6 8 9 12.5
3 2 6 12.5 16 17 19
4 2 3.5 12.5 24 48 60
3 5.5 13
** 15 16.5
18 21
2 11 19
19.5 20
5x10~*M 1% 21 22
24 25
56
Injection
2 pp 3 pp 10 1t 30 1t 15 ¢p 20 cp
2 pp 4 pp 10 It 15 It 301t
20 pg/g 4 pp 15 1t 20 cp
15 1t
20 1t
6 pg/g {10 pp 10 pp 50 1t#**
20 pp 20 pp

* The explanation on the stages of the nervous discharges is in the text, In the test
with the perfusate, the numerals indicate the approximate times (min.) of the initial

appearance of the specified stages after the treatments,

The numerals in the test

of injection indicate the times (min.) when the injected flies were settled for the
oscillography. The abreviations are the stages of the toxic symptoms ; thus, pp :

primary prostration,

It : leg-tremoring,

cp : complete prostration. The detailed

explanations of each stage are in the text.

*# The stages appeared irregularly,
##* The complete prostration preceded.

of the American cockroach was almost unaf
fected by 5 X 10~*M of nereistoxin. Thus, the amount
of oxygen consumed were 288 pl/h/g before the
exposure and 301pl/h/g after the exposure.
Discussion

As it was revealed from the results of present
expreiments, there were distinct differences in
the symptoms of the poisoning by nereistoxin
from other common insecticides. The effects of
nereistoxin on the locomotion and the nervous
discharges indicated that nereistoxin is a nervous
excitant. Although many common insecticides
including those tested for the comparisons in the

present experiments are well-known for the ab-

58

normal nervous excitation in insects, the results
of entomography and oscillography indicated that
the mode of action of nereistoxin is characteris-
tically different from those of the other insecti-
cides,

In previous paper published by some workers,
only simple descriptions are given on the symp-
toms of the insect poisoned by nereistoxin ; the
poisoned insects were likely to be anaesthetized
followed by the revival from the poisoning®®,
On the vertebrate the report on the symptoms
of nereistoxin was early published by Nitta®,
According to his report, when nereistoxin hydro-
gen oxalate was injected, the general sequence
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Fig. 4. The motor discharges led off from-the
hind leg of the adult German cockroach, Blattella
germanica L. of which central nerve cord was
exposed. Nereistoxin 10-‘M. a : before treatment,
b: 2 min. after the treatment, c¢:4min., d:
7 min., e : 24 min., f: 27 min.

of symptoms was : firstly the sluggish posture
appeared, then excitation tetanic contraction,
convulsion or tremor and the test animal finally
passed into the prostration. The symptoms in
the insect as described in the present report,
rather resembled those in the vertebrate. That
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is, when the house fly or the cockroach was
injected with nereistoxin, the symptom appeared
at first was a kind of prostration which was
followed by tremor of legs or muscle. Then the
complete prostration set in continueing until
death, However the German cockroach which
was treated topically on the cuticle manifested
neither the primary prostration nor the tremor
of legs. Obvious tetanic movements in the cock-
roach were only the weak twitches of legs
which were also recorded in the entomogroms.
Thus, in nereistoxin-poisoned insects, the more
resemblance to the vertebrate injected with nere-
istoxin was apparent in the case of injected
insects than in those treated on their cuticle.
Although two different treatments, the injec-
tion and the topical application, apparently yield-
ed the different sequence in the poisoning symp-
toms of Germen cockroach, the symptoms in the
topical application resembled those in the injec-
tion of low dosages in many cases. In the house
fly, unfortunately, the topical application of the
compound has no effect, but many individuals
which were injected with low disages did not
manifest the tremors (Table 1 and Fig. 2).

" These facts suggest that if the dosages which

were able to evoke the tremors with the injec-
tion were applied topically on the cuticle, the
actual concentration in the insect body must have
been low on account of slow penetration to the

""" -~ Control
—— 50pg/4
== 25pgA

30 60

90 120 150

Time affér Treatment (min)

Fig. 5. The respiratory rate of the adult German cockroaches, Blattella
germanica L. treated with nereistoxin topically on the cuticle.
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cuticle or the degradation in the insect body.

Since the knock-down or the “primary pfo-
stration” was induced by the low dosages in the
house fly (Fig. 2), although the insects revived
from the prostration, the primary action of
nereistoxin is conceivable not to relate to the
manifestation of the tremor or legs which can be
seen with the naked eye.

From the results of electro-phisiological experi-
ments, it was obvious that nereistoxin has an
activity to stimulate the nervous discharges.
The compound increased the motor discharges in
the in-situ preparations of the house fly and the
German cockroach. It is presumed that in these
experiments nereistoxin behaved in the same way
as it was injected into the insect bodf, since
the compound must have reached to the nervous
tissue directly, Therefore, as shown in Table 1,
.the appearance of the effect on the nervous
discharges was quite similar between the prepa-
rationts in the perfusate experiment and those
which were injected.

In the house fly injected with nereistoxin and
being in the “primary prostration”, the discharges
promptly increased in their amplitude and fre-
quency (Table 1). The increase was also observed
in the early period in the preparations of which
nervous tissue was exposed (Table 1 and Fig.
3). However, the discharges were less violent in
these periods (Stages 1 and 2) in the degree of
burst than thses appeared in the following
period corresponding to Stage 3. In addition some
of the insects which were injeted by low dosages
manifested neither the tremors nor the violent
burst of discharges (Table 1).
the violent burst associated with the tremor of

Considering that

legs, these results proved the knock-down of the
insect or the manifestation of the “primary pro-
stration” is related to the evocation of the spike
discharges in a low level (Stage 1 and 2) which
were observed in the early period after the treat-
ment,

However it is still uncertain that the tremor
of legs and the violent burst of discharges were
not the direct results of the primary action of
nereistoxin, but probably a nervous deteriolation.

There was no evidence to indicate the direct
effects of nereistoxin on the tissue respiration of
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the cockroach muscle. Hence the increase of the
respiratoty rate in the nereistoxin-poisoned cock-
roach is considered to be due to the excitatory
effects on the nervous discharges.

Although the possible mechanism of the insecti-
cidal action of nereistoxin is obscure at the
present time, it is noticeable that the effects of
the compound on certain organs in the vertebrate
coincide with the stimulatory effect on the insect,
That is,in the vertebrate certain dosages stimu-
late the reflex arc of spine, the heart pulsation
and the muscle contraction of the intestine, the
uterus and the pupil. However, higher dosages
provoke the tetanus of the muscle®.

On the other hand, the roles of atropine and
eserine on the action of nereistoxin in the ver-
tebrate® would be worthwhile to pay attention to
study the possible function of cholinergic system
as a site of action of nereistoxin. In fact the
recent study by the author showed nereistoxin
antagonize acetylcholine in the contraction of
rectus abdominis muscle of frog.”®

Summary

The symptoms of the poisoning by nereistoxin
in the German cockroach and in the house fly
were investigated. '

In the cockroach the topical application of the
compound provoked the excitation, that is, the
hyper-activity in a low level at the early period
of the intoxication and the intermittent twitches
of legs which were followed by the prostration
in the late period (Fig. 1). The tremor of the
leg of house fly injected with nereistoxin appear-
ed to be preceded by the “primary prostration”
and followed by the “complete prostration”,

The motor discharges led off from the legs of
the house fly and the cockroach increased in the
frequency and the amplitude by perfusing nereis-
toxin onto the exposed ganglions or by the injec-
tion into the body (Fig. 3 and 4).

In the house fly the manifestation of the spike
trains in the nervous potentials was associated
with the symptoms of the poisoned insect (Table
1). That the “primary prostration” associated
with the manifestation of the low amplitude spike
train (Stages 1 and 2 in the sequence of the ab-
normal discharges by nereistoxin) indicates that
the primary action of the compound is excitation.
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The sequence of symptoms and that of the
burst of discharges in the insects treated with
nereistoxin were quite different from those treat-
ed with common insecticides (Fig, 1 and 3).

The increase of the respiratory rate in the
cockroach (Fig. 5) is
considered to be due to the nervous excitation,
since the compound has no detectable effects

neristoxin-poisoned

on the tissue respiration of the muscle.
It is concluded from the results of the present

experiments that nereistoxin acts as a charac-

teristic nervous excitant of which mechanism
of action is different from those of common
insecticides.
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9. 4V x#E (Nereistoxin, 4-N, N-dimethylamino-1,2-dithiolane) 3x®{eMICBd

A% 1L Acetylcholine iz X % # < VBIETIUAIC T 2 FE0EM  HHME  (REK[THE
Rétt WIFCHASAT - FUTHAENSE) 41, 2. 23 ZH

RERBHINTVE AV AGOWFHEDDITI I ARMEMAD» S, AV ALEMIY) o EHHORE
O—, ez eFra Yy (Ach) ZAKRICHMT S EMHTRINSG,

h VBEB e BO I EROMRE, AEYRI» 2 HOREINETHO Ach X 3 RE2IHT 5 45,
RO IR RTTIMIE T L WA SNV & 2RI, 4 V2% OADMA 1} fic VRIS 28
Inhol, BT, AV AHRAVEHEHIRISWTI? Ach 224 % Ach et THibimicg
T B DTH-T, ZAHKD deporalizant Tixizd, EHEHKEONFRENFTIEOTE
WL EBEDLENE, LOLENDS, BELLBHRBWTS 2 Y L EHERED Ach A4

VAGOEMLTHS BB INSG,

A4V AHMELHEO Ach itk IR NHT 2 BN E —EORFENH - 20T, ThERAL
T4 ) 23D topical application THIL 12 F + "2 T+ TV D A4 7 A RERLUIZE TS,
AV AFRUPLHICRE L BAL TERRICEBATICE, L UMilihs 0 M kRO 4 v 2

DOROMBIDIE->TEL L E2BHI,

In the previous report of the author, it was
pointed out that the insecticidal action of nereis-
toxinh® is due to its excitant effect on the

nervous discharges®. However, the mechanism
of its action is still obscure at the present time.
To investigate the mechanism in insects, it is
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