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Resume

\Ve have made an inveatigation about the

stabilization and the rate of decomposition of

malathion dust formulations in storage days,

prepared with various mineral carriers and

stabilizers. The results are as fallows:

(1) \Vhen clay alone was used as the diluent,

the degradation of the active ingredient was remar­

kably 'redu'ced byadition or" polyoxyethylene

alkyl ether 0.7% or polyoxyethylene alkyl ether

0.5% plus, fatty acid 0.5%. When clay 85~6' plus

talc 15%, clay 85% plus silica sand 15%, clay 85%

plus kieselguhr 15%, clay 85% plus special kiesel­

guhr 15% were used as diluents, the degradation

decreased markedly by addition of polyoxyethlene .

alkyl ether O.5~~ plus fatty acid 0.5% as stabilizers.

(2) vVe measured surface acidities (pKa) of

mineral carriers and malathion dust formulations.

In the. case of pKa'2:;3, the rate of degradation

was very slow. The value of pKa'2:;3 is a necessary

condition for stabilizing malathion dust formul­

ations. From this result, hydrogen ions (H+) on

the su~face of diluents are supposed to have large

effect upon the degradation.

(3) None of stabilizers used were effective

when acid clay was a diluent. Therefore, acid clay

should not be used for malathion dust formulation.

(4) The rate of degradation varied with the

sort of carriers. \Vithout stabilizer in the next

decreasing order : kleselguhrSacld c1ay>clay>

talc; with polyoxyethlene alkyl ether 0.7% as

stabilizer : acid c1ay>kieselguhr>talc>clay.

(5) In the ease of acid clay and kieselguhr,

the moisture in them is believed to have Some

effects on the degradation rate.

(6) As explained, the value of pKa is very

important for the stability of malathion dust

formulations. .Substitution acidity and Thomas

acidity must be simultaneously inspected. Fur­

thermore, the effects of surface structure of

diluents and their adsorption abilities must' be

also studied.

(7) Correlation of pH of mineral carriers to

the stability of malathion in' dust formations was

irregular. "

- (8) In the case of malathion dust formulation

(cont. 1.5%), prepared with clay 755'~ plus talc

255'6' and no additives, 12-14% of original'

malathion was decomposed in the storage for 15

months at room temperature (max temp 33.5°C,

min temp I°C, avo temp 20°C).
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It is the first step of research for clarifying

.the mode of action of any insecticide to observe

t~e symptoms of poisoning of the insecticide and

to analyze the mechanism of development of the
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symptomstv, Little has been 'known concerning

the mode of action of dieldrin in spite of ;its

increasing practical use in recent years. Th'e

present paper gives the results of 'experiments

dealing with the effects of dieldrin on the nervous

activity of insect.

:l\Iethods

Insects : Adults of the American cockroach,

Periplaneta americana i., reared in the labora­

tory at it' constant temperature of about 30°,

were used throughout the experiments.

Treatment with dieldrin: The, acetone solution

of dieldrin was applied .topically on the dorsum
r '

of the abdomen with the dose of 400 rig. Then

the symptoms of poisoning were observed and

the activity of nerve was examined as described

below after vari~us time intervals. The cockroach

once excised in order to examine the nervous

activity at any stage of the poisoning symptoms

was unable to be emploY,~d for. further observation.

Dieldrin was also applied 'to the nerve prepara­

tions excised from, ,the normal or untreated

cockro~ches. In this case the dieldrin suspension

prepared by introducing dieldrin ethanol solution

into a Ringer's solution was applied to the nerve.

The dieldrin suspension was injected in the leg

in order to observe the effects on the sensory

neurones as described in the previous reportl'",

Ethanol alone at the concentration used had no

effect on the nervous activity in question.

Nerve preparations and methods of recording

action potentials : The discharges in the abdo­

minal nerve ~ord: the synaptic transmission through

the sixth abdominal ganglion and the sensory

discharges in' the crural nerve were observed.

Synap~es' in' the sixth abdominal ganglion and the

pathway of nerve fibres in the, abdominal nerve

cord have been studied by Roederv and have;

also, been described briefly in our previous

papers 12,H,16,20-22). Sensory neurones in the crural

nerve (nerve No.5) and their discharges have
also been described5,s':10.14.15,. The discharges of

the nerve cord ,were observed in situ by recording

the action potentials from the nerve cord as

, described in our previous papert", The synaptic

transmission through the sixth abdominal ganglion
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was observed both ill situ and with the isolated

nerve preparations. In the former case it was

observed by recording the action potentials of the

giant axons 'from the abdominal" nerve cord

between the fourth and the fifth abdominal

ganglia while a single shock was being applied to

the cereal nerve. In the case of the isolated nerve

preparations a different electrode was in contact

with the sixth abdominal ganglion, while an

indifferent electrode was in contact with the first

abdominal ganglion, a small region of the nerve

cord between these two electrode~ being crushed

by forceps to make the action potentials monophasic

in most cases, However, the time constant of

amplifying circuit was insufficient for recording

any synaptic potential which might have been set

up by cereal nerve volIeYJ.19), so that only the

propagated action potentials of the giant axons

were able to be observed. The method of

recording the sensory discharges in the crural

nerve was the same as that used prevlouslylv,

.Elne silver wires were 'used as both recording

and stimulating electrodes in .any case. The

.recorded 'action potentials were amplified by a

CR-coupled amplifier and observed and photo­

graphed by a cathode ray oscilloscope. The action

potentials amplified were also fed to a speaker to

produce sounds which served as an" auditory
monitor;

Solution and drug: The Ringer's solution used

was the same as that described previouslyH.20).

Dieldrin tested was of technical grade:

An,the' experiments were carried out at room

temperatures ranging from 14° to 19°.

Results

Symptoms of poisoning

The course" of poisoning symptoms following

topical ,treatment of dieldrin was as follows:

latent period, period of ataxia, co?vulsive period,

, paralytic period and .death. The latent periods

following. topical application of 400 rig dieldrin

lay between 9 hours and 13 hours. Then ataxia

developed. Although walking was slow and

abnormal in this period, the cockroaches were able

to stand up when they had been knocked down.'

The period of ataxia r lasted about 10 hours,
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aft e r wh ich th e cockroaches were knocked down

and co nvulsion s dev eloped. The convulsions,

las tin g as long as two day s . were ve ry severe

immedia te ly aft er knockdown and gradually

be cam e less severe during that period. The

pois oned cockroa ches pa ralyzed after the co nvul s ive

pe riod, and death finally foll owed.

ervous activity in th e po isoned cockroach es

The changes in th e dis charges in the abd om inal

nerve cord, in the syn ap tic transmi ssion th rough

the sixth abdo mi nal ga nglion and in the sensory

disch ar ges in th e cru ra l ner ve a t va rious st ages

of th e poisoned cockroaches a re given in T ab le I ,

and the oscil log rams of the di scharges in the

abd ominal nerve cords of th e poison ed coc kr oa ch es

a re shown in Fig. l.

Period of a taxia: T he fre quency of discha rg es

in th e abdominal ner ve co rd in cr eased markedly

in th e period of a taxia ( F ig. I , o. 2). T he

amputations of th e cerci of bo th side s had a

ten dency to cau e the slig ht decrease in fr eq uenc y

of th e dis ch ar ge. Prolonged after- discharg es of

th e giant axon were elicited by a single stimul us

of th e cereal nerve in th e poisoned cockroaches

showing ataxia. This effect was ve ry easy to

de tec t since only slight af te r -d ischa rge were

elicited by a sing le volley of pr egan glionic

nerve in th e normal or untreated cockroaches.

The sensory discha rges in the crural nerve did

no t sh ow any sign of change in th e poisoned

cockroaches showing at axi a spo nta neo us

discharges were observe d with norma l frequency

and no train of impulses was detectable.

Co nvuls ive period : In th e cockr oach es showing

sev er e convulsions immediately afte r knockdown

th e frequen cy of di scharges in th e abd omina l

nerve cor d was still very high before and after

amputat ing the cerci an d the prolonged sy naptic

aft er-disch a rges were also elicited by a- ingle
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F ig. 1. Disch arges in th e abdominal nerve co rd of the di eldrin- poisoned cockroaches
at variou s st ages of symptoms. I II situ recordi ngs . Each record was taken from different
cockroach es . Voltage cal ibration of 1 mV shown in record 1 is ap plied to all records.
Time ma rke r, 50 c. p, s.

1 : Normal or un trea ted , with am putating cer ci.
2 : 13 hours after t reatm en t, a tax ia, with intact cerci.
3 : 24 hou rs after tr ea tment or 2 hours af ter knockdown, severe convulsion, with

intact cerci .
4: 75.5 hours af te r treatment , weak con vulsion. with in tact cerci.
5: 76 hours aft er tr ea tment, paralysis, w ith in tact cerci.
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~ Tabi~;i. ~.~ Changes' in' the di~charges in the abdominal "rierve cord, in ·the· synaptic ..
transmission through the sixth abdominal ganglion and in the sensory discharges in
the crural nerve' at various stages of the dieldrin-poisoned cockroaches, 400 rig.
. Time after . Time after Discharges in the nerve cord Synaptic Sensory

Symptoms No. treatment knockdown Before After after- discharges
(hr.) (hr.) amputating' amputating dischargesthe cerci the cerci

- 1 13 -- ++ +
: ' ,2 13.5 -- ++ +

,3 14 -- ++ '+
4 ' 14.5 -- . , ++ +

Ataxia 5 15.5 + + 0--
: 6 15.5 -- ++ +- 0

,7 20 --' + +
8 25 , -- + + 0
9 25 : -- ++ +

10 13 0 ++ +
11 17.5 0 + +

- 12 17.5 0 ++, +:
: 13 22.5 0 ++ ++

Severe 14 14.5 0 + 0 0convul-
sion 15 15 0 + +

16 20 '0 + ,,+ I

17 24 0 ++ + .. .
0

18 24 0 + .- .\ ,+ " 0
0' .'19 29 0 ++ +

20, 22 3 ++ +'
21 23 2 0 +
22 23.5, 2 - 0 " '+
23 24 2 0++ +

Severe 24 24 2 0 r ±'convul-
sion 25 21 4 + 0

26 21 ·>7 '0' ,. o·
Z7 21 >7, ++ +

.. . ' . 28 21.5 >7 ++ . , +
29 30.5 ' >7.5 .+ 0

,

30 75.5 0 ' . +
. ' 31 76.5 . .. +. +..' ....

Weak 32 ,80.5 + '0 o· . '-,
convul- 33 80.5 .. -
sion 34 80.5 + +

35 80.5 '+ +
36 80.5, , + +

37 76 0 +
Paralysis 38 76 ++ + :

±. + or + + means the Increase in nervous activity and its degree.
o means the unchangeness in nervous activity.

means the decrease' in nervous activity.
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cerea l ne rve volley . In th is period the se nso ry

disch ar ges in the crural nerve als o showed no

sign of abnormality. In the cockroaches which

ha d con tinued to develop convulsions for a period

of two hours or more afte r kn ockdown the

pro longed synaptic afte r -d ischa rges were still

able to be obse rved, whi le the freque nc y of

discharges in th e nerve cord de creased to so me

ex te nt ( F ig . 1, No. 3) . In tb is case the tendency

to decrease in freq uency of th e d ischa rges following

amputati ng the cer c i was also found. I n th e

cockroaches showing wea k convul sio ns about

th ree days aft er treatmen t th e prolong ed synaptic

af te r -dis charg es were still elici te d, wh ile th e

fr equency of d isch a rges in the nerve cord de­

creased further ( F ig. 1, No.4).

Pa ra lyti c pe riod : In th e cockroaches just

par a lyzed about three day s aft e r treat ment the

prolon ged synapt ic aft er-dis cha rg es were still

e lici ted, w h ile th e fr equency of dis char ge s in th e

ab dominal ner ve cord was of th e ex tre mely low

level ( F ig. 1, No. 5) .

D irec t applicat ion of dieldrin to the nerve

T he applica tions of 5 X 10- G dieldrin suspe n ion

to the iso lat ed nerve prep aration caused th e

dis ch arges in the abdo minal ne rve co rd to in crease

in fr equ en cy and ca use d the synapses to produce

prolonged af te r - d ischa rge s by a single ce real ne rve

voll ey ( F ig. 2, N os . 1- 3) . Both effects became

appar ent almost simultaneously several mi nutes

afte r ap plicat ion. These effect s, es pecially th e

prolonga tion of sy na ptic after-disch a rges, beca me

more marked w ith th e advance of t ime last ing

as long as more th an one hour.

T h e applications of the sam e concentra tion of

dieldrin sus pe nsion to th e exposed preparation

wh ose nerves lef t int ac t or whose cereal ne rves

h ad been amputated had th e same effects as those

of diel d rin applied to the isolated nerve preparation

on th e frequency of d ischarges in th e abdomina l

ner ve cord and on the syn apti c transmission

;00"00 '000" '0" "" " " " ; ; ; " " " " " " " ' ; " 0 " ' " " " O ' O , ' O , " O ' O~
. I ' • ',.. •• ., ' ", • " • , .
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F ig . 2. Res ponses of th e g iant ax ons in th e abdominal nerve cord evoked by a single
st imulus of the ce real ner ve (I - 3) , and th e se nsory disc ha rges in the crura l nerve
( ,J & S) . Voltage calibra tion of 1 mV sh ow n in record J is app lied to rec o rds 1 to 3,
which were taken in si tu from one: and th e same coc kroach. Volt age calibration of
0. 2 mV shown in record 4 is ap pli ed to reco rds 'J and S, which were taken in situ fro m
ano the r on e and th e same cockroach. Time ma rker, 50 c. p, s.

1 : Before t reatmen t.
2 : 16 minut es aft er tr eatment with 5 x lO-G dieldrin, sligh t pro longa tion of aft er'

discharge.
3 : 79 minutes after t rea tme nt, ma rked prolon ga tion of afte r -discharge.
4: Before in jection.
s : 5 minutes af ter in jecti on of 5 x lO - G die ld ri n in th e leg, no effect.
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qualitatively similar effects as those of BHC on

both the spontaneous activity of the nerve cord

and the synaptic transmission. It seems therefore

difficult t~ explain the absence of hyperexcitation

in terms of the synaptic after-discharges and the

spontaneous activity of the nerve cord. However

it is probable that the absence of hyperexcitation

. in the dieldrin poisoning is-partly due to the less

striking and more moderate effects of dieldrin on

nervous activity which, will be, discussed later.

In the case of DDT poisoning there appears no

hyperexcitation probably because the synaptic

after-discharges and the increase in spontaneous

activity in the central nerve cord are much less

marked than in the case of BHC or dieldrin12,H >.

Ataxia, convulsion and paralysis are likely to

be explained in terms of the changes in nervous

activity as in the case of BHC poisoning'?'.

Prolonged synaptic after-discharges and increased

spontaneous activity' make it difficult for the

cockroach .to coordinate its movement, causing

ataxia. Further progress of such changes in nervous

activity makes it quite impossible for the cockroach

to coordinate its movement, causing knockdown

'and convulsion. Paralysis of. the cockroa'ch is

~use.d. by the' progressive decline in nervous

activity with the advance of time.

The amputations of the cerci in the poisoned

cockroach cause the frequency of discharges in

the abdominal ,nerve cord to decrease slightly.

The slight higher' level of activity before

amputation is considered to be due to the

facilitatory synaptic activations of the, neurones in

the sixth abdominal ganglion by the sensory

discharges from the cerci. Similar event also

occurred in the case of BHC polsoning!".

There exists an additional important difference

between 'the effects of dieldrin andBHC upon

nerve. Though the prolongation of synaptic after­

discharges and increase in the spontaneous

activity of the central nerve cord are observable

with both dieldrin and BHC, such effects of

dieldrin are less striking and more moderate than

those' of BHC. The advance of the poisoning
I .

symptoms of dieldrin is also much slower than

that of BHC even the dose of dieldrin applied

is as much as sixteen-fold the dose of BHC17/ •

..The slow advance of the dieldrin symptoms is in

accordance with the observations of I:Iarvey &

.Brownv on the respirations of poisoned insects.

Such moderate action of dieldrin upon nerve

seems partly responsible for so-called "slow

insecticidal action" of this insecticide.

One discrepancy between the present

observation and the observation made by other

authors should be noted here. Although Lalonde

and Brownv found the short trains of impulses'

of low voltage in the sensory nerves two hours

after painting dieldrin on the cockroach leg, we

could not detect any sign of train following

injection of dieldrin in the leg pr in, the cock­

roaches showing ataxia or convulsion following

topical application of dieldrin. However, these

two observations cannot be compared with ease,

because the method of application, the duration

of observation and the purity of dieldrin 'are

different between them.

The mechanisms involved in the prolongation

of synaptic, after-discharges and the increase in

spontaneous activity of the nerve cord are left to

be solved. Similar effects are also observed with

the treatments of anticholinesterases3,' ,ll ,19>. In the

case of anticholinesterases a prolongation of

synaptic after-discharges is usually followed by

a synaptic block, but this is not the case with

dieldrin. Futhermore it, .has ..been demonstrated

that dieldrin is without effect in vitro on the

activity of cholinesterase". Hence it can safely

be said that such effects of dieldrin upon nerve

are not due to the inhibition of cholinesterase.

Summary

The effects of dieldrin on nervous activity of

the cockroach were studied in order to clarify the

mechanism of de,:"elopment of dieldrin poisoning

symptoms.

The course of poisoning symptoms of dieldrin

was as follows : latent period, period of ataxia,

convulsive period, paralytic period and death.

Spontaneous' activity in the abdominal nerve

~ord .Increased i markedly and synaptic after­

discharges in the sixth abdominal, ganglion

prolonged remarkably in the cockroach showing

ataxia. The synaptic after-discharges were

maintained at the prolonged le';el when the
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poisoning symptoms advanced to the initial stage

'of paralysis, while the enhanced spontaneous

activity in the abdominal nerve cord progressively

'decreased during that period.

The' increase in spontaneous activity in the

abdominal' nerve cord and the prolongation of

synaptic after-discharges were' also found when

the dieldrin suspended Ringer's solution had been

applied directly to the nerve.

, ' The 'sensory discharges in the crural nerve

showed no sign of changes in the cockroaches

developing ataxia or convulsion or following

injection of dieldrin suspension in the leg.

The mechanism of development of 'dieldrin

'poisoning symptoms was discussed comparing

those of DDT and BHC which had been reported

previously. The poisoning symptoms of dieldrin

is different from those of both.D'D'I' and BHC.

Prolonged synaptic after-discharges and increased

spontan~ous activity make it difficult for the

cockroach to coordinate its movement, causing

ataxia. Further progress of such changes 'in

nervous activity makes' it quite impossible for the

~ockr~ach t~ co~rdinaie'it~' ino~ement, causing

knockdown and convulsion. Paralysis of the

cockroach is caused by the progressive' decline

in nervous activity with the advance of time.

The effects of dieidrin upon nerve were less

striking and more moderate than those of BHC,

which see~s i~ be partly responsible for slow

insecticidal action .of dieldrin.

This research was supported in part by' grant

from vthe Ministry' of Agriculture and Forestry.
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