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The neuroexciting activity of DDT and its analogs to produce repetitive responses on 
the nerve cord of Periplaneta americana was determined using the extracellular electrode 
method. The convulsive activity on P. americana and the insecticidal effect on CalZoso- 
bruchus chinmsis were also examined. It was found that the convulsive and insecticidal 
activities increase almost proportionally with increase in the neuroexciting activity 
within a set of p&-substituted DDT analogs. The intimate connections among these 
biological effects suggest that symptoms such as convulsion and death caused by DDT 
analogs are closely related with their neuroexcitory effect and there is a common mode of 
action in spite of differences in insect species 

DDT-poisoning of insects has been well 
characterized as producing ataxia, convul- 
sion, and eventual paralysis (1). On the in- 
sect axon, DDT exerts two effects ; one 
produces repetitive discharges (2) and the 
other is an increase in negative after-poten- 
tial (3). The poisoned axon has been as- 
sumed to undergo changes such that the in- 
creased negative after-potential can initiate 
repetitive firings (4, 5). However, neither 
of these neurotoxic effects has been ex- 
plicitly proved to be related to the insec- 
ticidal activity of DDT and its analogs. 

We report that, by using a variety of 
DDT analogs, the ability to produce repeti- 
t’ive discharges was found to be closely re- 
lated to insecticidal and convulsive actions. 

MATERIALSAND METHODS 

condensation between chloral and respec- 
t’ive substituted benzenes (g-10). Com- 
pounds 14, 15, 17, 18, and 20 were derived 
by the hydrolysis (11)) oxidation (12), 
nitration (13)) reduction (13)) and oxidative 
acetylation (11) of compounds 20, 6, 1, 17, 
and 6, respectively, using reported methods. 
Compound 13 was prepared by reacting 
compound 8 with acetic anhydride in the 
presence of sulfuric acid. The product was 
a colorless crystal recrystallized from etha- 
nol, mp 141 - 142°C. Anal. Calcd for 
CI~H,,O&I,; C, 53.82; H, 3.76. Found C, 
53.90 ; H, 3.99. Compound 16 was obtained 
by esterification of compound 15 with 
diazomethane. The colorless product was re- 
crystallized from ethanol, mp 115 - 116°C. 
Anal. Calcd for C1,H,,0&13; C: 53.82; 
H, 3.76. Found C, 54.02; H, 3.77. 

The DDT analogs in Table 1 were pre- 
pared in this laboratory and were highly 
purified by repeated recrystallizations or 
distillations. Compounds 1-12, and 19 
were synthesized by variations of Baeyer 

For electrophysiological experiments, the 
extracellular electrode technique was used 
with nerve cords of the male adult American 
cockroach, Periplaneta americana, which 
has all thoracic and abdominal gan- 
glia. The st,imulating and recording elec- 
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TABLE 1 

Biological Activities C$ DD?’ Analogs 

Com- 
pound 

Substituent X Repetitive respon- 
siveness 

-log MECRD 
(mole/liter) 

P. awLeriuzna 

Convulsive activity 
-log MECCA 
(mole/liter) 

P. americana 

Insecticidal activitg 
-log LCb0(mole/liter) 

C. chinensis 

___-__- ____~. ~~~~~ 

1 H 4.1 (ztO.1)~ 0.70 (zkO.10)” 1.29 (f0.05)” 
2 F 5.1 
3 Cl ‘7 
4 Br ::7 
5 I 14.7 
6 CH, 4.7 
7 C& 5.0 
8 OH 4.4 
9 OCX 5.7 

10 OCzHj 6.0 
11 OGHT 5.3 
12 OC& <-Lo 
13 OCOCH, 4.4 
14 CHO 5.0 
15 COOH <4.1 
16 COOCHr 5.0 
17 NO2 5.0 
18 NH* <3.9 
10 <4.7 
20 %&XOCHr)? 4.7 

_. ___-__ 

n Mean value of at least t\lro runs. 
h Mean value of three runs. 
c ?;ot examined. 

trodes were placed between first and second 
and between fifth and sixth abdominal gan- 
glia, respectively. Nerve cords were placed 
in Ringer’s solution containing 210 m&I 
NaCl, 2.9 mM KCl, 1.8 mM CaClz, and 
2.0 mM phosphate buffer (pH 7.2) with 
various concentrations of DDT analogs at 
20( f 1) “C for 30 min. A small amount of 
methanol used as the dispersing agent (0.1 
-0.5 (v/v) %) had no effect on nervous 
functions. Without toxicants, nerve con- 
duction occurred only when stimuli over a 
certain threshold (2.50 mV, 0.01 msec) were 
applied. This value was almost unchanged 
after treatment with DDT analogs. Within 

1.52 
2.15 
2.30 
1.52 
1.52 
1.70 

<0.70 
2.30 
2.52 
2.00 
1.00 
1.15 
1.40 

<0.70 
1.52 
1.70 

5 1.00 
< 1.00 

1.30 

2.77 
3.45 
3.33 
2.26 
2.15 
2.50 
-.-c 

3.47 
3.28 
2.62 
1.42 
1.70 
-c 

2.30 
-c 

<1.-l 
-.e 

30 min aft’er starting immersion with more 
than a given concentration of DDT ana- 
logs, nerve cords reached a state where a 
single stimulus over the threshold could 
induce a repetitive response. The minimum 
molar concentration of DDT analogs pro- 
ducing this repetitive response to an electric 
stimulus twice as strong as the threshold, 
MEG&, was determined. Values of -log 
MECRD are shown in Table 1. Action po- 
t’entials induced by the stimulus after treat- 

1 Abbreviations : MEC /an ; Minimum effective con- 
centration for repetitive action, ME&A ; Minimum 
effective concenl.ration for convulsive action, I,l)o”; 
half lethal dose. 
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FIG. 1. rlrtion potentials induced by a single sti~n~l~s, recorded after treatment,for 30 min with DD?’ 
and ethoxychlor. W’ith concentrations less than the threshold (Al and U,), only the normally conducted 
impulses were observed. With more than the threshold concentrations (At and Bt), a train of firings was 
induced immediately after the normal response. 41: DD?’ 1 X 10-6M; A): DOT 2 X 1OVAf; HI : 
rthoxychlor 5 X 10-7~11; Bt: ethorych.lor 1 X 1lPJI. 

ment with DDT(3) and ethoxychlor(l0) 
are recorded in Fig. 1. 

The convulsive action of DDT analogs 
was examined using male adult American 
cockroaches. One microliter of various con- 
centrations of DDT analogs (methanol 
solution) was injected into the abdomen 
(between 3rd and 4th segments) with a 
microsyringe. Injected cockroaches were 
placed in a container at 20( f l)‘C. This 
quantity of methanol alone had no effect 
on the cockroaches. From observations of 
symptoms, the minimum effective concen- 
tration which produced convulsive action 
within 3 hr after injection, ME&A, was 
determined. Values of -log MECCA are 
shown in Table 1. The convulsive action 
of DDT analogs was characterized by 
violent reflex quivering of legs. With the 
minimum effective dose, DDT analogs 

caused only convulsions; not paralysis or 
death. 

Insecticidal activities of DDT ana- 
logs were determined using male adult 
azuki bean weevils, Callosobruchus ch.inensis. 
Twenty weevils were dipped for 3 min int,o 
an emulsion containing various concentra- 
tions of DDT analogs, then were placed in 
a glass container at 2O(&l)‘C. As emulsi- 
fying agents, xylene [2 (v/v) %] and a 
surfactant, Toxanon 500 CO.1 (v/v) yO, 
Sanyo Kasei Co., Japan] were used, 
neither of which had any effect on azuki 
bean weevils at these concentrations. LCbOs 
of DDT analogs were determined by plot- 
ting the mean percentage of mortalities (of 
three runs) 3 days after dipping treatment 
converted to probit vs log dose. Values of 
-log LC,, are shown in Table 1. 
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FIG. 2. Relationships among insecticidal, convulsive, 
and newoexcitdng activities of DDT analogs. 

RESULTS AND DISCUSSION 

The minimum concentration of DDT 
which produced repetitive discharges on 
nerve cords of the American cockroach at 
20°C was 2 X 1OP M. This value is very 
close to that obtained by Matsumura and 
Yatil for the isolated giant axon of the Ger- 
man cockroach at 24°C (1 - 3 X 1OF M) 
(14). E’or this effect, ethoxychlor is the most 
active of the compounds including DDT 
and methoxychlor (9). 

The covulsive activity of DDT analogs 
decreases in the order of ethoxychlor > 
DBrDT (4) - methoxychlor - DDT > 
propoxychlor (11). As shown in Fig. 2, the 
convulsive activity of DDT analogs is 
closely related to the neuroexciting ability 
to produce repetitive discharges. Equation 
(1) was obtained for 14 analogs using the 
method of least squares ; omitting values 
where distinct activity values could not be 
determined. In this and following equations, 

n is the number 

-leg !\IECc* = 0.91 (ZtO.14) 
x(-log MECan) - 2.95(f0.72) 

n = 14, s = 0.126, r = 0.971 Cl] 

of compounds studied, s is the standard 
deviation, r is the correlation coefficient, 
and figures in parentheses are the 95% 
confidence intervals. The value of the 
slope of Eq. [l], which is close to one 
(0.91), indicates the intimate connection 
between the neuroexciting and convulsive 
actions of DDT analogs. The value of the 
intercept suggests the extent of dilution 
of the DDT analogs injected into cockroach 
bodies. The weight of a male adult American 
cockroach is about 1 g, i.e., equivalent to 
1 ml in volume as a first approximation .If 
distribution of DDT analogs in the cock- 
roach body is uniform, then the extent of 
dilution corresponds approximately to 
1 ~l/l ml or -3 on a log scale. In fact,, the 
value of the intercept of Eq. Cl], -2.95, 
is very close to -3. Thus, the convulsive 
action of DDT analogs is closely correlated 
with their neuroexciting activity. 

For some compounds (5, 8, 15, 18, and 
19), definite values of MECaD or MECeA 
were unable to be determined. While com- 
pounds 5 and 19 are too low in solubility 
to obtain an adequate concentration to 
exhibit sufficient response, compounds, 8, 
15, and 18 would be partly ionized and 
have difficulty in reaching the nerve mem- 
brane. The sheath of the cockroach nerve 
probably serves as a barrier to diffusion. 

The insecticidal activity of DDT analogs 
against azuki bean weevils is also closely 
related to their repetitive activities on cock- 
roach nerve cords as shown in Eq. [2] and 
Fig. 2. Since such relationships as Eqs. [l] 
and [2] hold regardless of the difference in 

--log LCIOweevil = 1.19(&0.22) 

X(--log ll1EC~n) - 3.50(&1.12), 
II = 11, s = 0.180, 7. = 0.972 [2-J 

test objects and insect species, the differ- 
ences in the route of administration and in 



the body construction of different insect 
species play only minor roles on the varia- 
tion in biological activities. Neither penetra- 
tion through the integument of insects nor 
translocation to the nervous system seem 
to he crucial, except in ionizable analogs. 

symptoms in the cockroach, with special re- 
ference to the effect of temperature, O,qo- 
Kontyu 9, 87 (1953). 

The same situation is also observed wi-ith 
toxicity against houseflies. Since the metab- 
olic inactivation of DDT analogs is sig- 
nificant in houseflies, toxicity data using in- 
hibitors of metabolizing enzymes such as 
piperonyl butoxide should be compared 
(10, 15). A good linear relationship as shown 
in Eq. [a] is derived for LDjo values 
(mole! kg) recalculated from the original 
dat,a by Aletcalf and 

2. T. Yamazaki and T. Ishii, Studies on the mech- 
anism of action of insecticides (VII) : Activity 
of neuron soma as a factor of development of 
DDT symptoms in the cockroach, /?ol!/tc- 
Kagakn 19, 1 (19.54). 

3. T. Yamazaki and T. Narahashi, Studies on the 
mechanism of action of insecticides (VIII) : 
Increase in the negative after-potential of in- 
sect nerve by DDT, Rotyu-Kagaku 22, 296 
(1957). 

-log I,DjOhou.ef,y = 1.23(&0.53) 

X(-log ME&,) - 2.05(&22.S7) 

11 = 6, s = 0.315, r = 0.953 [S] 

his co-workers (15). The resemblance be- 
tween the slopes of Eqs. [2] and [3] seems 
to indicate that the mechanism for the 
insecticidal action of DDT analogs is at 
least common between azuki bean weevils 
and houseflies. 

The present work clearly indicates that 
repetitive activity is closely correlated to 
the insect toxicity of DDT analogs. lcurther 
studies showing how the increase in the 
negat#ive afterpotential caused by DDT is 
related to insect toxicity are required. 
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