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Résumé

We 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) When clay alone was used as the diluent,
the degradation of the active ingredient was remar-
kably reduced by ‘adition of polyoxyethylene
alkyl ether 0.72 or polyoxyethylene alkyl ether
0.52s plus fatty acid 0.525. When clay 8524 plus
talc 1524, clay 852 plus silica sand 1527, clay 8522
plus kieselguhr 1524, clay 852 plus special kiesel-

guhr 152 were used as diluents, the degradation

decreased markedly by addition of polyoxyethlene -

alkyl ether 0.525 plus fatty acid 0. 524 as stabilizers.
"(2) We measured surface acidities (pKa). of

4 (3), 24

mo23 H—1

mineral carriers and malathion dust formulations.
In the case of pKaz3,
was very slow. The value of pPKaz3 is a

the rate of degradation
necessary
condition for stabilizing malathion dust formul-
ations. From this result, hydrogen ions (H+) on
the surface 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
Without stabilizer in the next
kieselguhr>acid clay>clay>
with polyoxyethlene alkyl ether 0.725 as
stabilizer : acid clay)kiyese]guhf}talc)clay.

(5) In the case of acid clay and kieselguhr,
the moisture in them is believed to have some

sort of carriers,
decreasing order :
talc ;

effects on the degradation rate.
(6) As explained,
important for. the stability of malathion dust

the value of pKa is very
formulations. Substitution acidity and “Thomas
acidity must be simultaneously inspected. Fur-

thermore, the effects of surface structure of

V » diluents and their adsorption abilities must be

also studied. i )
(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. 1.52), prepared with clay 752 plus talc
12~142 of original’
malathion was decomposed in the storage for 15

2524 and no additives,

months at room temperature (max temp 33.5°C,

min temp 1°C, av. 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

the symptoms of poisoning of the insecticide and

to analyze the mechanism of development of the
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symptoms'™. Little has been "known concerning
the mode of action of -dieldrin in spite ofits
. Increasing practical use in recent years. The
present paper gives the results of experiments
dealing with the effects of dieldrin on the nervous
activity of insect. o

Methods

Insects : Adults of the American cockroach,
Periplaneta americana L., reared in the labora-
tory at a’ constant te'mperatull'e'of about 30°,
were usgd throughout ‘the expe_riments. -

Treatment with dieldrin : The, acetone solution

of dieldrin was applied topically on the dorsum

of the abdomen with the dose of 400 y/g. Then
the symptoms of poisoning were observed and :

the activity of nerve was examined as described
below after various time intervals. The cockroach
once excised in order to examine the nervous
activity at any stage of the poisoning 5ynipt9ms

- was unab]e to be employed for further observation. .

Dieldrin was also applied 'to the nerve prepara-
tions excised from,{t}ie' normal or ’untreated
cockroaches. 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 injecte'd‘in the leg
in order to observe the effects on the sensory
neurones- as described in the previous report!®,
Ethanol alone at the éoncen'trat_io# uséd had no
effect on the nervous aétivity in question.

Nerve preparations and methods of recording
action potentials :" The dischérges in the abdo-
minal nerve éord; the synaptic tfagsmission‘ through
the sixth abdomiha] ‘ganglion and the sensory
dischgrggs: inifhevcrural nerve were observed.
Syr;apses in the sixth abdominal gang]ion and the

pathway of nerve fibres in the abdominal nerve

cord have been studied by Roeder® and have
also been described briefly in our previous
’pape;glz,l‘,ls,m'ﬁ’. Sensory neurones in the crural
nerve (nerve No. 5) and their discharges have
also been described’8-19,14,%, The discharges of
the nerve cord were observed in situ by recording
the action poientials from the nerve cord as
" described in our previous paper'’. The synaptic
transmission through the sixth abdominal ganglion
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was observed both in site 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 f{ifth ‘abdominal
ganglia while a single shock was being applied to
the cercal 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 electrodes being ‘crushed'
by forceps to make the action potentials monophasic
in most cases. Howéver, the time constant of ’

amplifying circuit was insufficient for recording

. any synaptic potential which might have been set
"up by cercal nerve volley!», 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 previously!®.
.Fine 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 rdy oscilloscope. The action

potentials amplified were also fed to a speaker to
produce sounds which served as an- auditory
monitor; S : o ‘ A

Solution and drug : The Ringer’s solution used
was the same as that described. previously'™,
Dieldrin tested was of technical grade.

<A1‘1‘.__the‘ experiments were carried out at room

tehﬁerature'S 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, convulsive period,
, paralytic period and death. The latent periods
" following. topical application of 400 y/g 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' lasted about 10 hours,
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after which the cockroaches were knocked down

and convulsions developed. The convulsions,

lasting as long as two days, were very severe

gradually
The

ter the convulsive

immediately after knockdown and

duri that period.

became less severe

poisoned cockroaches paralyzec

period, and death fina followed.

Nervous activity in the poisoned cockroaches

The changes in the discharges in the abdominal
nerve cord, in the synaptic transmission through
the sixth abdominal ganglion and in the sensory
discharges in the crural nerve at various stages
of the poisoned cockroaches are given in Table 1,
and the oscillograms of the discharges in the
abdominal nerve cords of the poisoned cockroaches
are shown in Fig. 1.

Period of ataxia : The frequency of discharges
increased markedly

No. 2). The

in the abdominal nerve cord

in the period of ataxia (Fig. 1,
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at various stages of symptoms.
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the slight decrease in frequency

amputations of the cerci

tendency to cause
of the discharges. Prolonged after-discharges of
the giant axons were elicited by a single stimulus

of the cercal nerve in the poisoned cockroaches

showing ataxia. This effect was very easy to
detect since « slight after-discharges were
by a single volley of preganglionic

nerve in the normal or untreated cockroaches.

The sensory discharges in the crural nerve did

not show any sign of change in the poisoned

cockroaches showing ataxia ! spontaneous

discharges were observed with normal frequency
and no train of impulses was detectable.

Convulsive period : In the cockroaches showing

severe convulsions immediately after knockdown

the frequency of discharges in the abdominal

nerve cord was still very high before and after

amputating the cerci and the prolonged synaptic

after-discharges were also elicited by a. single
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Discharges in the abdominal nerve cord of the dieldrin-poisoned cockroaches
In situ recordings. Each record was taken from different
calibration of 1 mV shown in record 1 is applied to all records.

1: Normal or untreated, with amputating cerci.

2: 13 hours after treatment,

W

intact cerci.
75.5 hours after treatment,
5: 76 hours after treatment,

weak convulsion,

ataxia, with intact cerci.
24 hours after treatment or 2 hours after knockdown,

severe convulsion, with

with intact cerci,

paralysis, with intact cerci.
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Téblé‘l. " Changes in the discharges in the abdominal rerve 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 y/g.

v | | Timeafter ' Timeafter |Rischargesinthenervecord Synaptic Sensory
Symptoms * |No.| treatment - knockdown Betfa(:;s . amAlfxtt::in after- discharges
(hr._) (hr.) atr}xlxg li:ercig tl?e cercig discharges )
"1 13 —_ ++ +
2| - 13.5 — ++ 4
S31 14 — ++ =,
. 4| 145 — -+ +
Ataxia | 5| 55 — + + o
.6 15.5 — ++ + - o)
70 20 — + 4
8| 25 — T+ . + . O
9| 25, — 4+ +
10 113 0 A . +
1 17,5 0 + : +
- 127 0 17.5 . 0 ++- R +:
R 13 22.5 0. - ++ ' ++
o Severe | 14.5 0 + Ie) e
sion 15 15 0 + + :
16 20 0 SR T
17 21 0. T + o o)
18 24 0 A o+ 1)
19 29 0 A+ + :
20| 2 3 4 g
21 23 2 o - L 3+
22| 235 2. O e te T T
L 23 4’ 2 ++ | s
oo (2| 2 o A
sion 25 21 4 + .0
‘ 261 21 >7 0 o - o
27 21 >7 . +4 ot
28| . 215 >7 ++ +
29| 305 . .>%5 + o}
.| 30 75.5 - : o +
, 31| 765" . + +
Weak 132 80,5 ‘ + o
convul- . {33 :80.5, _ - - . .
sion 34 80.5 + +
35| . 80.5 ) | o+ +
36| . 80.5. o Co+ o+
ARG 0 -+
Paralysis 38 76 - [ T S

=+, 4 or ++ means the incréase in nervous activity and its degree.
O means the unchangeness in nervous activity.
~ means the decrease’in nervous activity. .
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cercal nerve volley. In this period the sensory
discharges in the crural nerve also showed no
sign of abnormality. In the cockroaches which
had continued to develop convulsions for a period
of two hours or more after knockdown the
prolonged synaptic after-discharges were still
able to be observed, while the frequency of
discharges in the nerve cord decreased to some
extent (Fig. 1, No. 3). In this case the tendency
to decrease in frequency of the discharges following
amputating the cerci was also found. In the
cockroaches showing weak convulsions about
three days after treatment the prolonged synaptic
after-discharges were still elicited, while the
frequency of discharges in the nerve cord de-
creased further (Fig. 1, No. 4).

Paralytic period : In the cockroaches just
paralyzed about three days after treatment the
prolonged synaptic after-discharges were still
elicited, while the frequency of discharges in the

abdominal nerve cord was of the extremely low

23 = ]

level (Fig. 1, No. 5).

Direct application of dieldrin to the nerve

The applications of 5%10-% dieldrin suspension
to the isolated nerve preparation caused the
discharges in the abdominal nerve cord to increase
in frequency and caused the synapses to produce
prolonged after-discharges by a single cercal nerve
volley (Fig. 2, Nos. 1~3). Both effects became
apparent almost simultaneously several minutes
after application. These effects, especially the
prolongation of synaptic after-discharges, became
more marked with the advance of time lasting
as long as more than one hour.

The applications of the same concentration of
dieldrin suspension to the exposed preparation
whose nerves left intact or whose cercal nerves
had been amputated had the same effects as those
of dieldrin applied to the isolated nerve preparation
on the frequency of discharges in the abdominal

nerve cord and on the synaptic transmission

Fig. 2.

Responses of the giant axons in the abdominal nerve cord evoked by a single

stimulus of the cercal nerve (I~3), and the sensory discharges in the crural nerve

(4 & 5). Voltage calibration of 1 mV shown in record 1 is applied to records I to 3,

which were taken in situ from one' and the same cockroach. Voltage calibration of

0.2 mV shown in record 4 is applied to records 4 and 5, which were taken in situ from

another one and the same cockroach. Time marker, 50 c.p.s.

1: Before treatment.

2: 16 minutes after treatment with 5x 1075

discharge,

dieldrin, slight prolongation of after-

3: 79 minutes after treatment, marked prolongation of after-discharge.

Before injection.

TN

5 minutes after injection of 5x 1073 dieldrin in the 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 to 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 diel_drin on
nervous activity which .will be. discussed later.

In the case of DDT poisoning there appears no
hyperéxcitation 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 dieldrin!21®,

~ Ataxia, convulsion and paralysis are likely to
be explained in terms of the changes in nervous
activity as in the case of BHGC poisoning'.
Prolonged synaptic after-discharges and increased
sﬁontaneous activity - make it difficult for the
cockroach to coordinate its movement, causing
ataxia. Fiirther pfog_ress of such changes in nervous
activity makes it quite impossible for thé cockroach
to coordinate its movement, causing knockdown
‘and convulsion. Paralysis of the cockroach is
cause,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 a.ctivity 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 poisoning?.
There exists an additional important difference
between "the effects of dieldrin' and BHC 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 bdisoning

. ' ,
symptoms of dieldrin is also much slower than

that of BHC even the dose of dieldrin applied

is as much as sixtesn-fold the dose of BHC,

.The slow advance of the dieldrin symptoms is in

accordance with the observations of Harvey &

.Brown® on the respirations of poisoned insects.

Such moderate action of dieldrin upon nerve -
seems partly réSponsible 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 Brown® 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 or 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. v

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 anticholinesterases’.%1419, Inthe
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 wvitro 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 deyelopment of dieldrin poisoning
symptoms. R

The course of poisoning sympiéms of die]drir;
was as follows : latent period, period of ataxia,
convulsive period, paralytic period and death.

Spontaneous activity in the abdominal nerve’
cord increased . markedly and synaptic after-
ciischérges in the sixth abdominal ‘ganglion
prolonged remarkably in the cockroach showing
ataxia. The synaptic after-vdischarges were
maintained at the prolonged level when the
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- poisoning symptoms advanced. to the initial stage 2)
‘of paralysis, while the enhanced spontaneous

activity in the abdominal nerve cord progresswe]y '3)
‘decreased during that period.

The - increase in spontaneous activity in "the
abdominal' nerve cord and-the prolongation of " 4)
synaptic afte‘r-discharges were " also found when i
the dieldrin suspended Ringer’s solution had been 5)
applied directly to the nerve.

The sensory discharges in the crural nerve 6)
showed no sign of changes in the cockroaches
developing ataxia or convulsion or following 7)
injection of dieldrin suspension in the leg. .

) The mechanism - of ~ development of “dieldrin ~ * 8)
poxsomng symptoms was discussed comparing N
. those of DDT and BHC which had been reported -9)
previously. The poisoning symptoms of ‘dieldrih = -
is different from those of both.DDT and BHC. 19
’ Prolonged syoaptic after~discharges and increased
spontaneous activity make it difficult for the ).
cockroach to coordmate its movement, causing
ataxia. Further progress of such changes ‘in 12)
nervous actxvxty makes - it quxte 1mpossxb]e for the iB) '
cockroach to coordinate its’ movement, causing - 14)'
knockdoWn and convulsion. Paralysxs‘ of the 15)
cockroach is caused by the progressive decline 3 16)
in nervous activity with the advance of time. :

The effects of dleidrm upon heﬁe were less 17)
striking and more. ‘moderate than those of BHC, ' 18)
which seems to be partly respon51ble for slow 19)
insecticidal action of dieldrin. ’

This research was supported in part by - grant
from the Ministry of Agricultore and Forestry.- 20)
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