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Introduction

Nereistoxin is a toxic substance which was

firstly isolated by Nittall from a dead body of a

marine annelid, Lumbriconereis heteropoda. The

chemical structure of this substance was deter

mined as 4-N, N-dimethylamino-l, 2-dithiolane by

Okaichi and Hashimotos-", Its synthesis was

accomplished by Hagiwara et al4.e). Some of the

toxicological and pharmacological properties of

the toxin were reported by Nittal,e), and by

Okaichi and Hashimotc", The latter two authors

tested its insecticidal activity prelirninar'ily and

reported the toxin paralysed insects.

Recently the author investigated on the insecti·

cidal properties of nereistoxin, and found that

it was highly toxic against lepidopterous larvae

including rice stem borers, Chilo suppressalis,

cabbage worms, Pieris rapae, and diamond back

moths, Pluttella maculipennis":
'Works have been continued also on the toxi·

cology of the derivatives of nereistoxin by the

author and his co-workers. The results revealed

that I, 3-di (thiocyanato) -2- (N, N-dimethylamino)

propane'? and I, 3-bis (carbamoylthio)-2-(N, N
dimethyl amino) propane!" were practically ef

fective to control rice stem borers, citrus leaf

miners, Phyllocnistis cltriculus, and some other

pest insects.

From the recent works in the author's laboratory,

an interesting result was obtained on the bilogical

conversion of one of the derivatives, the dithio

cyanato compound. Namely, it was shown the

derivative was converted to nereistoxin through

the reaction with sulfhydryl radicals in animal

and plant tissues'!'. This conversion seems to us

to be an "activation", because the derivative itself

does not antagonize the action of acetylcholine

(Ach) which contract the isolated rectus abdominis

muscle of frog, unless the derivatve was appllied

after the incubation with cysteine (Sakai, unpub

lished data; ref. Sakai!"), Therefore, to study
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the mechanism of insecticidal action of nereistoxin

is important not only for the demonstration of

the toxicological properties of this compound itself,

but also for the acquirement of a generalized theory

of the insecticidal mechanism of the derivatives.

In a previous report of this series!", it was

suggested that the mechanism of the insecticidal

action of nereistoxin was a particular one which was

regarded to be much dissimilar to thos,e of common

insecticides such as chlorinated hydrocarbons and

organophosphates. This possibility was obtained

from-the observation on the symptoms of nere

is toxin-poisoned insects; the finding was that

the symptoms were not in a similar aspect to

those of the common insecticides.

In a further investigation, it was revealed that

the anti-cholinesterase activity of nereistoxin was

not active to the extent being lethal to the

insects!".
Only one approach to reveal the mechanism of

the insecticidal action of nereistoxin is the finding

that the toxin blocks competitively the Ach

receptor in the rectus abdomines muscle of frog

rendering the muscle inexcitable to externally

applied Ach 12l •

Consequently, this antagonistic action in the

receptor site suggests that nereistoxin may sup

press the activity of cholinergic synapses in insects

of which existence in the insect central nervous

system has been supported by many investigations

(ref. Yamasaki and Narahashi!", and Colhounw).

On the other hand, if nereistoxin blocks cholinergic

synapses selectively, the insect peripheral neuro

muscular junction would not be a site of action

of the toxin, because evidences have been presented

to show the muscle is not innervated by choli

nergic nerve endings16- m .

The present study has been conducted with the

special references to the effect of nereistoxin on

the nervous conduction of the American cockroach,

Periplaneta americana, and showed that nereistoxin

blocks the ganglionic transmission by its specific

mechanism.

Materials and Methods

Insect Male American cockroaches were used

throughout the experiments. They were reared

in a room of the temperature at 2S"C.
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Toxicity of nereistoxin To test the toxicity of

the toxin to the cockroach, the solution of ne

reistoxin prepared with a Ringer solution was

injected into the abdominal part of the insect.

The volume of the injected solution was 1. 2 fill
insect. Ten insects were applied by a single dose,

and they were kept in a glass jar supplied with

water.

Nerve preparations In the first series of the

experiments, a prepartion of the central nervous

system which included the cercus, the cereal nerve,

the abdominal nerve cord and the third thoracic

ganglion was isolated from the cockroach. The

preparation was mounted on electrodes which were

made of silver wire (0. 2 mm in the diameter).

Postsynaptic responses were recorded from the

connectives between the fifth and the sixth

abdominal ganglion with a pair of the electrode.

Presynaptic responses were recorded from the

cereal nerve just before entering the.sixth

abdominal 'ganglion with a pair of the electrode:

Electrical stimuli were delivered from a pair

of the electrode touched on the peripheral end

of the cereal nerve.

For the observation of axonal conduction, the

connectives between the fifth and the sixth

abdominal ganglion were stimulated, and the action

potentials were recorded from the connectives

between the fourth and the fifth abdominal gan
glions, In this experiment, the cereal nerve was

not included in the preparation.

As a neuromuscular preparation, the head, the

wings, the other legs and the intestine were

removed from the cockroach, and the insect was

pinned on a dissecting tray with its ventral side

uppermost. The thoracic and the abdominal nerve

cords were exposed by removing the overlying

cuticle. The right hind-leg was fixed on the tray

with pins. The crural nerve running from the

third thoracic ganglion (nerve no. 5) was hooked

by a pair of the electrode for the stimulation,

and a pair of the electrode was inserted into the

femur muscle through small holes on the cuticle

for the recording of the action potentials of the

muscle. Most part of the cuticle on the ventral

side of the coxa and a part of that of the femur

were removed off for the application of nereis

toxin.



For th e reco rding of the pot ent ia ls in t he s ix t h

a bdom ina l gang lion, a differen t e lec t rod • was in

con tact with t he dorsal s ide o f th e gan g lio n a nd

an indifferent e lect r ode was in con tac t wit h t he

third thoracic ga ng lion which had be ' n cr us hed

by fo r ce ps to make t h . r 'corded pot ent ial s mon o'

ph asic. Th is me th od ha s been pr oved to be an

exce lle nt te chnique for t he recor ding of t he sy na p

tic pot e n ti al s : t he resting poten t ia ls an d t he

exc ita tory pos tsyn a pti c potential s " · ""' .

ii mulat ion and recording For t he st im ula t ion .

squa re pu lses ha ving the duration of O.3 rnsec we re

applied to t he ner ve cords . A Clc- coup led a mplifie r

(UB- 203B. Sa n' ei Ins t r um en t Co.) of which t im e

cons tan t was ad jus ted at 0.05 sec was used for

t he record ings .

Ri nger solution and drugs The Rin ger solu t io n

used con ta ined 159. 6 m il. I Na +, 3. I mil.l K +, 1. 8m i\!

Ca " . 160. I m il.l c i-, O. 2 m M H2PO,- , and 1. 8mM

11 1'0 ,"" . a nd s ho wed pH of 7. '2. Nereis toxi n used

was th e syn t hesized hydrogen oxala te . In some

of t he ex pe r ime nts , eser ine salicy late a nd nicotine

su lfa te were te sted for the compar ison to nereis

to x in. The drugs were disso lved in the Ringer

so lut ion. a nd the sol utions we re a pplied onto a ce r 

tain pa r t of t he nerve or t he m uscle preparat ion wit h

t he a id of an inj ect ion needle a t tat ched to a n syr inge.

Temperature All exper ime nts we re held in the

roo m of t he te mperature a t 25 ' ± 1· C.

Results

T oxicity of ncrcistoxin to the cockroach T he

resu lt of in jec tion te st is s hown in T able 1. All

dosages test ed w er e ef fective to kn ock down t he

T able 1. Tox icit y of nerei st oxi n hydroge n ox a la te to t he ad u lt m ale Am e r ican coc k roac h.
Periplan eta am ericana , in th e inje ct ion test. 25 ' C.

Dose
Numbe r* of kn ocked down insec t s

(/,g / g)
a t va r ious t imes after t he inj ect ion (min.)

5 :{O 60 90 120 180 18h r 72hr

Co nt r ol 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0

50 10-0 10-0 10-0 10-0 10-0 10-0 6- 4 5-3

12. 5 10-0 10-0 10 0 10-0 10-0 6- 4 2- 3 2-0

3. 13 10-0 10-0 9 - 1 9- 1 6- ,1 4- 5 0-0 0-0

1. 56 6-0 8-0 4-4 2- 5 2-2 0 -0 0-0 0 -0

* Numerals on the lef t side of bars are t he num be r of com plete ly immo bili zed insec t s . On t he
ri gh t side, the num be r of s lugg is h insects. Ten insect s we r e t re ated by a s ing le do se .

a

F ig . 1. Effect of nereis toxi n hyd r oge n oxa la te o n th e posts yn aptic respon se
el ic it ed by t he s t im ula tio n of th e cere a l nerve in t he iso la ted nerve o f Am erican
coc k roac h . Periplaneta americana. Ner e is to xin : 2 x 10- ' il.1. 25 · C. a : norrral
(befor e trea tme nt ) , b ' ·1- 5m in. afte r t he treatment. S t im ulus st re ng t h increased
from to p to bottom : 0.43 (t h r es hold in t he nor mal ) , 0. 50. 0.60. 0.80 a nd
0. 90V. Du ration of t he s t im uli : O. :{ m sec, Volt age ca libr a t ion. 2m V. Time
ma r ke r . i . oooc/ sec.
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Table 2. Effect of nereistoxin hydrogen oxalate on the threshold of postsynaptlc response
in the isolated central nervous system of American cockroach, Periplaneta
americana. 25·C. The cereal nerve was stimulated (duration 0.3 msec), The
action potentials were recorded from the abdominal nerve cord.

Concentration Time Threshold
of after --------.-. (Stimulus stre~gth. V) _______~ __

nereistoxin treatment Preparation no.
(M) (min.) 1 2 3 4

·5xlO-4 before 0.32-0.25 0.37-0.39
2 0.28 0.50
5 0.34 0.50

10 0.44 0.47
15 S.T.* 0.46
20 >2.0 S.T.
25 >2.0 1.5
30 2.0
35 2.0
40 2.0

....................... ..........................

. 2xlO-4 -before 0.25-0.26 0.35-0.38 0.49-0.52
2 0.36 0.50 0.69
5 0.45 0.48 0.80

10 0.42 0.45 S.T.
15 0.55 0.42 S.T.
20 0.50 0.58 0.78
25 0.53 0.64 S.T.
30 0.55 S.T. S.T.
35 0.57
40 0.76 0.73 >2.0

......................

1X 10-4 before 0.44-0.45 0.35 0.38-0.39 0.38-0.40
2 0.62 0.42 0.54 0.44
5 0.63 0.43 0.59 S.T.

10 0.50 0.49 0.56 S.T.
15 0.48 0.50 S.T. 2.0
20 0.55 0.51 S.T. 2.0
25 0.68 0.55 S.T. 2.0
35 O. 71 S.T.
40 0.73 0.59

sx 10-5 before 0.29-0.31 0.29-0.33
2 0.40 0.38
5 0.42 0.47

10 0.41 0.46
15 0.42
20 0.43 0.49
25 0.45 0.49
30 0.51
...... __........ _-_......

2xlO-5 before 0.43-0.45 0.33-0.35
2 0.51 0.38
5 0.80 0.40

10 0.80 0.40
15 O. 75 0.51
20 0.76 0.61
25 0.77 0.66
30 O. 79 0.68
35 0.60 0.70
40 0.69 O. 74
45 0.81 0.74
50 0.81 0.84

...............
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·lxlO-1

4x 10-1

ax 10-7

4 X 10-8

JIfj !It f-l ~ til 32 ~-Il

before 0.25-0.27 0.22-0.25 0.64-0.65
2 0.24 0.24 O. 76
5 0.34 0.28 0.86

10 0.51 0.32 0.90
20 0.84 0.41 1.0
25 0.90 1.1
30 0.90 1.3
35 0.91 1.3
40 0.91 1.3
45 1.0 1.5
50 1.1 1.4
........ " .................

before 0.75-0.80
2 0.75
5 0.90

10 1.1
15 1.2
20 1.2
25 1.3
30 1.5
35 1.5
40 1.8
45 2.0
50 2.0

before 0.53-0.55 0.30-0.31
2 0.45 0.31
5 0.48 0.32

10 0.52 0.32
15 0.57 0.35
20 O. 71 0.38
25 0.73 0.37
30 0.79 0.41
35 0.79 0.45
40 0.81 0.46
45 0.81 0.45
50 0.91 0.57

before 0.50-0.51 0.41-0.43
2 0.52 0.41
5 0.53 0.43

10 0.51 0.43
15 0.51 0.42
20 0.50 0.42
25 0.55 0.48
30 0.58 0.45
35 0.56 0.50
40 0.59 0.51
45 0.59 0.57

before 0.33-0.34
2 0.33

10 0.34
20 0.31
30 0.31
40 0.33
50 0.34

0.28-0.31
0.50
1.0
1.1
1.1
1.2

* Spike trains appeared.
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Fig. 2. Effect of ne re is tox in hyd rogen oxa la te
of a high concentra t ion (z x 10- ' 1'1) on t he
s pontaneous d ischa rge s of a bdominal nerve
co rd of America n coc k roach . Periplaneta
americana . 25 ' C.
a: nor ma l (be fore t r ea tme nt ) . b : 2 mi n. after
t he t reat me nt , c : <l m in. Volt age ca libr a t ion.
40f ,v. T ime m arker ; I. OOOc/ scc.

t he presynaptic resp onse was not a ffec ted by the

a pplica t ion of ne reistoxin even at th e tim e when

the pos ts ynapt ic response di sappea red. The

post s ynaptic respon se was co ns ide rably depressed

and only a ppe ra red by a s t ro nger s t im ulus.

In t he expe r iment with t he abdomi na l nerve

co rd , no effect s of nereist oxin were o bser ved on

t he axona l co nd uc t ion (Fig..1) .

The resu lt s de sc ri bed above appa re n t ly show

t hat th e de pression of t he nervou s conduct ion in

t he coc k roac h cen t ra l ne rv eous syste m t reated by

nereistoxin occ ured at t he sixt h abdomina l

b

a

c

coc k roaches. The dosage of 1. 56f,g/g was ef fec t ive

to knock down 80;'6 of t he individ ual s at 60-80

min. a fte r t he t re a t ment. bu t t he poison ed insec ts

completely recovered after 18 hr. All insects

inj ected by the dosages of more than 3. 13 f ,g /g

of nere is toxin we re k nocked down, .but the le t ha l

effe ct was not co m plet e even with 50 ftg /g . The

result s ho wed t hat the mini mum effective con

ce n t ra t ion of nereistoxin in t he in sect bod y is

ca lc ula te d as a pp roximately 1 x 1O- 5M (2. 5 f Ig / g ).

T he re fo re, in order that a cer ta in site is confirmed

as the s ite of ac t ion of nere is tox in , it m us t be

requi red th at the fun ction of t he s it e is d isorde red

by nere istoxin of 1 x 1O- 5M or of lower concen t ·

r a t ion s .

Eff ect 011 the nervous cantil/dian ill th e abdo minal

ner ve prepa rat ions The post s ynapt ic res ponse

e lic ited by th e s t im ula t ion of the ce re a l ne r ve

wa s s uppre sse d by n .re is tox in a pplied on t he

s ixt h a bdomin a l ga ng lion. As s ho wn in Fig. I.

it wa s noted t ha t th e re sponse wa s not com ple te ly

depressed. Inc rease of the s t im u lus s t reng h caused

t he reapp sarn nce of th e post s ynaptic response.

Na mely, the s t r eng t h of t he thres hold s t im ula t ion

for the pos tsyna pt ic pot ent ia l inc reased with th e

applica tion of ne reis tox in. Thi s seq uence is s hown

in T able 2. The res ult s howed the variation of

the th reshold in th e pr ep arations a pplied by

d ifferent con cen tra tion s of ne re istoxin.

The inc rease of th e thresh old wa s ob served

sti ll in the prepa r a ti on a pplied by 2 x 10-6 1'1

ne reis tox in. but the effect was not clear a t 2 x

1O- 7M. T he application of <I x 10 - 8 M did not a ffec t

t he nervous conduc t ion .

When th e conc ent r a t ion of the applied nereistoxin

wa s hig he r t ha n 1 x 10- ' M, fr equ entl y the burst

of t he s ponta neo us d ischa rg es a ppeared (T a ble 2

and Fig. 2). The am plitude and th e fre que nc y

of th e di sc harges g ra d ua lly increased forming

spike t ra ins. Finall y, t he co nduc t ion was s up

pressed (T a ble 2) .

In the next ex pe r ime nt, the s it , wh ere th e

depress ion of t he cond uction occured wa s invest i

ga ted . The p 'ri ph ernl end of t he ce re a l ne r ve

wa s s t im ula ted , a nd th e pres yn aptic potentia ls

and t he co r re s pond ing pos tsynapt ic potentia ls were

recorded s im ulta neo us ly .

As clearl y a ppea red in t he reco rd s in Fig. 3,
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Fig. 3. E ffect of n reistoxin h ydrogen ox a la te on t he pres yna pt ic (ce rea l nerve)

potential (r ig ht ) a nd the co rrespond ing pos ts yn apt ic (a bdom ina l nerve co rd )

pot ential (le ft ) in t he isola ted ne r ve of American cock roach. Periplan eta ameri

can a. 25 'C. Nere is toxin : 2 X lO-·M. The ce re a l nerve was s t imula ted (du r a t ion.

0. 3 msec) . The resp on ses we re recorde d s im ula ta neo us ly.

a :nor ma l; a. : s t im ulus st re ngth. 0.28 V (t hres hold of the pos ts yn aptic response ) .

012 : 0.55 V. b : 2- 4min . after t he trea tment ; b, : 0. 28V, b2 : 0. 55 V. ba : 1.IV.

c : 20-23 min ; c , : 0. 28V, c2 : 0. 55V. Ca : 1. 1 V, C,: 2. 1 V. Voltage ca lib r a t ion.

1 m V. T ime marker. L OOO c/ sec.

c

a

b

27



ga nglion.

The effect of nicot ine, a potent ganglioni c

block ing agent , was co m pa re d with the effect of

nereist ox in in the s yna pt ic pathway. This drug

s ho wed somewha t different ac t ion on th e nervous

s ys tem. T he applica t ion of 1 x 10- 6 1\1 di d not

affect the postsynaptic pot enti a ls . T he a pplica t ion

of a hi gh er concent rat ion s uddenly elicit ed the

burst of the spontaneous d ischa rges , th en block ed

the t ransmission (Fig. 5) . T able 3 s hows t he resul t

of th e ob se r vation on t he thresh old s t im ulat ion

a

in t he prep arat ion treated with nicotine. It wa s

sho wn th at nicotine s t im ula ted the spo ntaneous

discharge in iti a lly, and after that sudde n ly

depressed the response to the presynaptic st imulus.

Effect 0 11 th e neuro mu scular preparati on In this

ex pe r iment , ne reistoxin was ap plied onto the

exposed leg mu scles. The ac t ion poten ti al s e licited

by t he s t im ula t ion of the cr ura l ne rv e we re not

a ffec ted by t he applica tion of nereist oxin (F ig. 6).

Effect 011 the sy napt ic poten tials The followin g

ex periments were cond ucted to revea l th c mecha -

F ig. 4. Effect o f nereis toxin hyd rogen ox a la te on the a xona l conduct ion of a bdom ina l
nerve co rd of America n cockroac h, Peripla neta americana . Nereistox in : -tx 1O- ' l\1.

25 ' C.
a: before trea tmen t. b : 20 min. af ter the trea tm ent. From top to 'bot tom, st im ul us
s t re ng t h wa s 0. 3V (t hresb old ) . O. :{S V. 1. 52 V. Volt age ca librat ion. 2mV. T ime
m arker . 1. 000 c / sec ,

o

a b c

Fig. 5. Eff ect of n icot ine sulfate on the post synaptic re sp onse elicited by t he stimulation
of the ce rea l nerve in t he isolated nerve of Am erican cock roach, Periplaneta
americana . 25 'C.
a : norma l (before treatment) fr om to p to bottom , s t imulus s t re ng t h : 0. 50 (t h reshold ) .
0.60, 0.70V. b : 15 m in afte r th e treatment of I xlO- 'M: from top to bottom, s t imu lus
s t re ngt h : 0.50, 0.60, 0.70 V. c: after 19 min. fr om the a pplica t ion of I x 10- ' :\1, S x
10- ':\1 was a pplied. T op : I min ., 0.50 V Middle : 2.5 min.. 0. 50 V. Bott om: 3 m in.,
1. 5 V. Volt age ca lib ra t ion. ImV, t ime marker . 1. OOO c/ sec,



T able 3. Effect of nicot ine sulfa te on th e threshold of post s yna pt ic r .s pc nse in t he
iso la ted cent ra l ne rv ou s s ystem of Amer ican coc k roach . Pe riplan et a amrri
cana. 25 ' C. Me t hods a re sa me to T able 2.

Concentra ti on
of

nicoti ne
(1\ 1)

8 x 10- 6

1x 10- 6

1 X 10- 6

* Spike t ra ins a ppea red .

T ime
a fte r

treatmen t
(min.)

befo re
2
5

10
15

before
2
5

10
20
30
,10

before
2

10
20
40

Thresh old
(St im ulus s t reng t h. V)

Pr epara t ion no.

2 :1

O. :1,1-0. 36 0. 55 0. 28-0 . 30
S. T. * 0. 53 S. '1'.. 0. 52

> 1. 0 S. T . > 1. 0
> 2. 0 > 2. 0 > 1. 0

> 2. 0

O. 50 0. 32-0 . 35 0.23
0. 50 O. :33 0. 23
0.50 0. 35 0.24
0.48 0. 32 0. 25
0.47 0. 32 0.22
0.49 0. 34 0.23
0. 45 > 1. 0 > 0. 5

0. 29 0. 46-0 . 48
0. 30 0.47
0. 27 0. 47
0. 28 O. ·16
0. 26 0.47

iSSSSSSSSSS::S•••• S•• SSSS S!

a b

I

Fig. 6. Effec t of nereist oxin h ydrogen oxa la te on the ac t ion potent ials of the femur
mu scle of Am erican cock roach. Periplaneta americana. Nerve no. 5 was stimulated
(dur a t ion 0. 3 msec) . Nerei s toxin: 2 x 10- ' ~L 25 ' C.
a : befo re t re atmen t ; b : 20 min. afte r t he treatmen t. From top to bott om. s t im u lus
s t reng t h increased ; 0. 18. (t hres hold) . 0. 20. 0.25 V. Vol tage ca lib ration . 1 m V. T im e
marke r . 1. 000 c/sec.
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nisin of t he ga ng lionic blocking ac t ion of nereist ox in

As compa r ison the ac t ions of n icot ine and eseri ne

we re investigated at t he sa me ti me . T he cerea l

ne r ve wa s s ti mulated a t t he frequen cy of 0. 5 c/

sec . The potent ia ls recorded wit h t he a id of a n

e lect rode bei ng co nta ct wit h th e s ix t h abdomi na l

ga ng lion we re co m posed of t he resti ng pot ent ia l,

t he excita tor y post s yna pt ic poten t ia l (e. p. s . p.)

a nd t he act ion pot en t ia ls of th e a xona l cond uct ion

.... ..... . T he resting pot ent ia l was obse r ved wit h

t he aid of a base line which was a lso employed

for I he recor din g of t ime m a rk ers (F ig . 7). The

e. p, s . p.' s were recorded as s low poten tia ls, a nd

t he act ion poten ti al s were fast one wh ich super '

imp osed on th e e. p. s , p.'s .

T he res ul t s ho wn in Fig. 7. revealed t hat in

t he prepa ration t reat ed by nereistoxin , t he e. p. s . p.

d imi nis hed , and in para llel wi t h th is cha nge the

ac t ion potenti a ls d isa ppea re d. T he a pplica t ion of

nereis toxin did not cha nge t he res t ing pot ent ia l.

A s t ro nger st im ulus was able to produce t he

e. p. s . p. of which potenti a l was enoug h to discha rge

th e a xona l act ion pote n t ia ls (F ig. 7a ).

However. nicot ine ini ti a lly acce lerat ed th e

a

b

.: " ,"", ,'I! :ll'''''IlI Io' ' ' ,III' III11 'I!1

I . • •

1.1

1MUIIIIMdllllllllllll'Il Il IlIIIII,1l1ll11l11....

Fig . 7. Ef fect o f ne re istoxin hyd rogen oxa la te, nicot ine sulfa te a nd eser ine sa licy la te
on t he sixt h a bdomi nal ga ng lion of Amer ica n cock roac h, Pc riplaneta americana . A
differen t electro de was in contact wi th t he gang lion. T he re cord ed pot ent ia ls were
t he act ion potentia ls in t he axo n, the e xcita to r y pos tsy nap tic pot ent ia ls and t he res t ing
potent ia l. 25 ' C.
a : ne reistoxin 2 x 1O- 5 1V1 . From left , nor ma l (before t rea tment ), 2 min. a nd 10 min .
Record on t he ri ght s ide wa s obt a ined by a s t ro nger s t im ulat ion a t 13 m in. b : nicoti ne
2 x 1O- 5 1\\. No r ma l, II mi n., 15 min . a nd 17 m in . c : eser ine 5 x 1O- 5 1V1. Nor mal , 24 mi n.,
29 mi n. a nd 41 m in. Lines with ti me markers a re a lso adopted as base lines for t he
observati on of t he resti ng poten ti al. Volt age Ca lib ra tio n, 400IIV . T ime ma rk e r,
100 c/ sec.
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occurance of spike discharges which gradually

formed trains. After further advance of time, the

resting potential was increased to an abnormal

extent where the synapse no longer returned to

the original reporalized phase. Then, the synaptic

transmission remained blocked (Fig. 7b).

Eserine, a cholinesterase inhibitor, increased

the frequency of the after-dischrges superimposed

upon the e. p, s. p, With the advance of time, even

without the stimulation, the discharges in the

postsynaptic axons appeared to form the trains.

Finally the resting potential increased to a greater

extent where the response to the presynaptic

stimulation ceased (Fig. 7c).

Discussion

The results of the present electrophysiological

investigations revealed the ganglionic blocking

action of nereistoxin in the central nervous system

of the American cockroach. It is also confirmed

inthe experiments that the toxin does not affect

the axonal conduction (Fig. 4 and Fig. 7), and

the functions in the neuromuscular system of the

leg. (Fig. 6).

It has been known that some of insecticidal

compounds affect the synaptic transmission in

insects with their particular ways respectively.

Namely, DDT facilitates the synaptic transmission

26~3.). Gamma-BHC elicites the increase of the

after-discharges in the postsynaptic response31~38).

Anti-cholinesterases, such as organophosphates,

block the synaptic transmission by their esterase'

inhibitory action which renders the accumulation
of the transmitter. substance37-39l • The action of

nicotine in insects has been believed to be synaptic
block by its occupation of Ach-receptors as well

as in vertebtates37,38"ol. Indeed, the present

experiments (Table 3, Fig.S and Fig. 7) showed

the block by this insecticide was proceeded by

the increase of the nervous discharges; in other
, ~ !

words, the block by nicotine is thought to be the

result of the abnormally augmented deporalization

of the postsynaptic membrane.
Comparing nereistoxin ' with these insecticidal

compounds in the action to the synaptic trans'

mission, it is evident that the mode and the

mechanism of the dlocking action of nereistoxin

is much different from the others.

As shown in Table I, Figs. 1 and 7, the effect

of nereistoxin appeared as the increase of the

threshold of the postsynaptic response. The result

obtained in the experiment recording the ganglionic

potentials revealed that nereistoxin acts to reduce

the e. p. s, p. without any effect on the membrane

resting potential (Fig.7a): The diminished e.p.s.p,

should be unable to produce impulses which

excite the postsynaptic nerve cords. However, the
experiment apparently. showed that' a stronger

stimulus was effective to set up the e. p. s. p, of

which intensity was enough for the deporalization

of the axonal membrane to discharge the action

potentials (Fig. 7a).

All these features in the synaptic events would

be safely explained by such a way that nereistoxin

occupies the postsynaptic membrane without

deporallzing it, because nereistoxin did not increase

the resting potential (Fig. 7a). It can be estimated

that the occupation by nereistoxin can overcome

the activity of transmitter substance which

normally deporalize the postsynaptic membrane

to manifest the e. p, s, p., when the presynaptic

stimulus is of a low intensity. However, a stronger

stimulation should liberate much amount of the

transmitter with which nereistoxin is no longer

able to compete in the occupation.

In the isolated rectus abdominis muscle of frog,

it has been pointed out by the author that

nereistoxin blocks the Ach-receptor by the com

petition with Achl2l. The higher the concentration

of applied Ach is, the suppressive effect of

nereistoxin on the contraction of the muscle is

the lower.

At the present time, although the nature of

the synaptic transmitter substance in the insect

central nervous system is not yet determined

firmly, many investigations have presented the

results which confirmatively approve the presence

of the cholinergic transmission in the ganglion
(ref. Yamasaki and Narahashi!" and Colhoun!").

In this respect, it is noticeable that nereistoxin

which blocks the cholinergic system of the frog

rectus abdominis muscle also,excerts a blocking

action on the insect ganglion. This is to say, the

ganglionic blocking action of nereistoxin supplies

an eveidence that the transmitter substance in
the insect ganglion is Ach,
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Accordingly. it must be a matter of course

that nereistoxin does not block the neuromuscular

transmission in the crural muscle of the cockroach.

since the muscle is regarded to be innervated by
non-cholinergic nerve-endings16-201. Furthermore.

recent works by Kerkut and his co-workers have

shown the possibility that L-glutamic acid is the
transmitter21-231.

As mentioned before. the potentials led off from

the last abdominal ganglion clearly demonstrated

the difference of the mechanism of the blocking

action between nereistoxin, nicotine and eserine.

The final action of the latter two drugs is the

ganglionic blocking, though of cours the mechanism

is different each other. Nicotine deporalizes the

postsynaptic membrane acting directly to the

membrane. and as the results the membrane

becomes to a deporalized phase where the action

of the transmitter substance cannot produce the

e. p, s. p. Eserine is a cholinesterase inhibitor. and

induces the accumulation of the transmitter

substance which magnifies the membrane potential

of the synapse to a greater extent. These two drugs

act substantially to block the synaptic transmission

non-competitively. but on the contrary nereistoxin

blocks it competitively with the transmitter

without deporalizing the synaptic membrane.

Although some of the synaptic blocking agents

are commonly known to be active againstverte

brates, these are. inactive against insects. D

tubocurarine applied on the cockroach ganglion

did not affect the ganglionic transmissiorr'!'.

Hopf421 injected glasshoppers with d-tubocurarlne,

atropine, etc., and O'Brien and Fisherw treated

several species of insects with the blocking agents.

However, the drugs were poorly insecticidal.

Accordingly, it would be able to say that nereistoxin

is the firstly found competitive ganglionic blocking

agent which is lethal to insects.

Nereistoxin of a high concentration elicited the

burst of discharges in the axonal conduction (Fig.

2). However. further investigations must be

required to elucidate the mechanism of this action.

For leading off the conclusion that the ganglionic

blocking action is the mechanism of the insecticidal

action of nereistoxin, it is necessary to prove the

parallelism between the concentration to block the

synaptic transmission in the isolated nerve pre-
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paration and the dosage to knock down the insects.

In the injection experiments (Table 1) the

minimum dosage of nereistoxin to knock down

or paralyse the insect was 3. 13pg/g. Because it

is reasonable to assume that the injected nereis

toxin distributed homogeneously all over the

insect body, the body concentration to paralyse

the insect is calculated as approximately 1X10-6

M. As shown in Table 2, the treatment of the

nerve preparation with 1x 1O-6M brings steady

block of the transmission. and moreover even

2 X 10-6M nereistoxin still suppressed the trans

mission.

Therefore. basing upon the parallelism discussed

above. it can be safely concluded that nereistoxin

paralyses the insect by its ganglionic blocking

action on the central nervous system.

Summary

The effect of nereistoxin hydrogen oxalate on
the nervous conduction in the adult male American
cockroach. Periplaneta americana, was investigated
to reveal the mechanism of the insecticidal action.

The postsynaptic response across the sixth
abdominal ganglion was considerably suppressed
by nereistoxin at the concentration of more than
2x 10-6M. On the other hand. the axonal con
duction in the cereal and the abdominal nerve
cords was not affected by the toxin. The blocking
action of nereistoxin appeared in the increase of
the intensity of the threshold stimulation applied
on the presynaptic (cereal) nerve. Of the synaptic
potentials led off from the sixth abdominal
ganglion, the excitatory postsynaptic potential

(e. p, s. p.) was reduced to a extent which does

not discharge the axonal action potentials. The

resting potential of the synapse was not affected

by nereistoxin.
On the contrary, nicotine and eserine augmented

the resting potential rendering the synaptic

membrane not to bedeporalized by the transmitter.

The fact that a strong stimulation was effective
to discharge the e. p. s. p, in the nereistoxin-treated

ganglion revealed the block by nereistoxin which

was competitive with the transmitter.

The neuromuscular transmission, or the mus

cular contracture in the crural muscle was not

affected by nereistoxin.
From these results. it was safely concluded that



nereistoxin paralysed the insect with its ganglionic

blocking action on the central nervous system.
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