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The effect,s of IIDT, allethrin, dieldrin and aldrin-t,ransdiol were studied in two 
different sense organs of Srnopus lawis; t,he lateral-line organ and the cut,aneous 
touch receptors. DDT and allet,hrin produced pronounced repetitive firing in both 
preparations. Dieldrin and aldrin-transdiol, on the other hand, failed to induce any 
sign of repet,it,ive act,ivity. Aldrin-transdiol, however, caused a marked increase in the 
rate of spontaneous firing of the lateral-line organ, later followed by a blockade. The 
repetitive activity in the cutaneous t,ouch receptors, whether induced by DDT or 
allethrin, was not distinguishable from repetitive firing of the afferent, nerve fibers 
and showed no marked dependence on temperat,ure. This contrasts sharply with the 
known negat,ive temperatuie coefficient of 
activit,y in the lateral-line organ. 

t,he DDT- or allethrin-induced repetit,ive 

INTRODUCTION 

Repetitive activity was long since rec- 
ognized as the most characteristic effect of 
DDT in the nervous system of not only 
insects but also vertebrates. Sense organs 
and sensory fibers in particular are highly 
sensitive to DDT (l-4). The insecticide 
allethrin, a synthetic pyrethroid, also 
induces repetitive activity very similar to 
that produced by DDT (5, 6). It has been 
reported that dieldrin tc;o causes repetitive 
trains of impulses in sensory neurones of the 
cockroach (7, 8). But earlier experiments 
with dieldrin on Xe?bopus laevis failed to 
shcw any sign of repetitivity in the sensory 
nervous system (4, and unpublished ob- 
servations). It has recently been proposed 
that not dieldrin itself but its metabolite 
aldrin-transdiol is responsible for neuro- 
toxic action in the cockroach (8). This 
hypothesis was further substantiated when 

it was shown that aldrin-transdiol had a 
profound effect 011 the motor endplate of 
the frog and the spinal cord of the toad, 
while in both cases application of dieldrin 
to the isolated preparation was without 
any significant effect (9-11). The purpose of 
the present investigation is to study in more 
detail the action of dieldrin and aldrin- 
transdiol on sense organs and to compare 
their effects with those of DDTandallethrin. 

MATERIALS AND METHODS 

The experiments were performed on t,\vo 
different sense organ preparations from the 
clawed toad, Xenopus laevis. 

Lateral-line orgatl. A piece of skin con- 
taining several lateral-line organs was 
removed from the animal and nervous 
activity was recorded from a single lateral- 
line organ, a so-called stitch, which is 
innervated by only two afferent nerve 
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fibers. Methods for preparation, stimulation 
and recording were the same as described 
previously (6). 

Cutaneous touch receptors. A piece of skin 
together with two or three dorsal cutaneous 
nerves (mwi cutanei domi nzediales) wm 
removed from the animal and pinned down 
lvith its outer surface upwards on the 
bottom of a small vessel. Mechanical 
stimulation was supplied by means of a 
fine glass rod (tip diameter 0.5 mm) 
connected to the conus of a small loud- 
speaker which was mounted on a micro- 
manipulator. Discrete movements of the 
glass rod were obtained by applying a 
square voltage pulse of 3-5 msec in duration 
to the loudspeaker coil. The position of the 
tip of the glass rod on the surface of the 
skin was varied until each stimulus induced 
a single spike in one of the fibers of the 
dorsal cutaneous nerve. 

Recording. Nervous activity was recorded 
by means of a silver wire electrode. Nerve 
spikes were amplified with an AC-coupled 
preamplifier, displayed on an oscilloscope 
and photographed. Spontaneous activity 
from the lateral-line organ was measured 
on a counter after conversion of the spikes 
to standard pulses with the aid of a 
triggered pulse generator built specially for 
this purpose. This instrument also allowed 
discrimination between the two types of 
nerve spikes. 

Solutions and chemicals. The Ringer’s 
soluticn used contained (in rnfif) : r\TaCl 
11.5, KC1 2.5, NasHPO, 2.15, n’aH,P04 
0.85, CaClz 2.0; pH was adjusted to 7.2. 
DDT (purified p,p’-DDT), allethrin (I< 
and Ii Laboratories, Inc.), dieldrin (99.4yo 
HEOD) and aldrin-transdiol ( > 99% trans- 
6,7-dihydroxy-dihydro-aldrin) were dis- 
solved in ethanol to make up stock solu- 
tions. Small amounts of these solutions were 
added to the bathing fluid with the aid 
of a hypodermic syringe with needle Ko. 27. 
The final concentration of ethanol, which 
was less than 0.25%, was found to have no 
effect in control experiments. Continuous 
perfusion was not performed to avoid 

mechanical stimulation of the preparation. 
Additional experiments were carried out 
with preparations isolated from animals 
showing severe symptoms of poisoning 
after the insecticides had been added to 
the water in which the animals were kept. 

Experiments were carried out at a room 
temperature of 19-21°C. When the effect of 
cooling had to be studied, the solution 
bathing the preparation was replaced by a 
solution with a temperature of 10°C. The 
temperature in the bath was recorded with 
a thermistor-thermometer. 

RESULTS 

Lateral-line oryan. Preparations isolated 
from animals which had been exposed to 
2-5 ppm DDT for about 18 h or l-3 ppm 
allethrin for 20-40 min showed a marked 
repetitive activity (1 ppm is equivalent to 
2.8 X lo+ or 3.3 X 1OV Jf respectively). 
Single nerve spikes no longer occurred and 
only trains of repet,itive spikes were re- 
corded. In the case of allethrin repetitive ac- 
tivit’y could also be induced by application 
of this compound to the outer surface of 
the skin in the isolated preparation. Fig- 
ure 1 shows an example of the spontaneous 
activity from a single lateral-line organ be- 
fore and after treat*ment with allethrin. 

A clear demonstration has been given 
that both DDT and allethrin show a 
definite negative temperature coefficient 
of activity in this sense organ. Lowering 
the temperature caused a marked increase 
in the number of repetitive spikes per 
train, whereas raising it resulted in a 
decrease. Besides, evidence has been pro- 
duced that the repetitive activity in the 
lateral-line organ does not originate in the 
afferent nerve fibers, but requires an 
intact sense organ. Full accounts on the 
effects of DDT and allethrin on the lateral- 
line organ have been published (3, 6). 

Treatment of the isolated preparation 
with dieldrin in concentrations of up to 
5 X lop4 &! for several hours did not have 
any significant effect. Similarly, prepara- 
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FIG. 1. Spontaneous activity from a single lateral-line organ before (iz) and 60 min after rxposure 
to IOP ik! allcthrin (R). 

tions taken from animals showing severe other hand, this metabolite had a marked 
symptoms of poisoning after exposure to effect on the rate of spontaneous firing, as 
3-5 ppm dieldrin did not show any sign of illustrated in Fig. 2. Lower conceotraticns 
repetitivity (1 ppm is equivalent to of aldrin-transdiol caused a distinct increase 
2.9 X 1OF M). Application of aldrin- in the rate of firing at first, followed by a 
transdiol to the isolated preparation also progressive decline and ultimately a com- 
failed to induce repetitive activity. On the plete blockade of spontaneous activity. 
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FIG. 2. EJect of aldrin-transdiol on the rate of spontaneous firing in single afferent lateral-line 

nerve fibers. Each point represents the mean frequency &SD measured over 18 successive paiods 
of 100 SW. 
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Higher concentrations produced no initial 
increase in the rate of discharge and the 
blockade of spontaneous activity developed 
much faster. The relation between concen- 
tration of aldrin-transdiol and the time 
required to produce 50y0 blockade of the 
spontaneous activity is plotted in Fig. 3. 
After all spontaneous activity had dis- 
appeared the lateral-line organ ii-as still 
mechanically sensitive and spikes cf full 
amplitude could be elicited by local water 
movements, indicating thereby that the 
blockade of spontaneous firing was not 
due to impairment of nervous conduction. 
After prolonged exposure to aldrin-transdiol 
the evoked responses of the lateral-line 
organ were also abolished. 

Cutaneous touch, receptors. Treatment 
with dieldrin, either in vivo or in vitro, did 
not cause any sign of repetitive activity in 
the cutaneous touch receptors. Exposure of 
the preparation to aldrin-transdiol (lop5 n/r) 
also failed to induce repetitive nerve spikes 
in response to a brief mechanical stimulus. 
Since this preparation is not spontaneously 
active, however, a possible blocking effect 
of aldrin-transdiol cannot be ruled out. 
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FIG. 3. Relation between concentration of aldrin- 
transdiol and time required to produce a 50% blockade 
of the spontaneous activity in the lateral-line organ. 
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FIG. 4. Response of a cutaneous touch rrcrptor to 
a brief mechanical stimulus (lower trace) before (A) 
and aJtrr 80 min of csposure to 1OP M DDT (H). 

Preparations from DDT-treated animals 
invariably showed short trains of spikes 
in response to a single mechanical stimulus. 
Such repetitive activity could also be 
induced by treatment of the isolated 
preparation with 10-j M DDT for 30-90 
min, as illustrated in Fig. 4. The number of 
repetitive spikes gradually increased with 
time to a maximum of S-10 spikes after 
120-180 min of exposure. 

Allethrin was more effective than DDT 
in producing repetitive activity in t,he 
isolated preparation. Short trains of spikes 
were observed as early as 5 min after 
exposure to 1OW h1 or 1% min to 1OP Al 

nllethrin. After longer exposure the number 
or repetitive spikes was usually much 
higher than with DDT (Pig. SB) and in 
some cases trains of more than 25 spikes 
were observed (Fig. 22). 

&#‘ects of temperature. A slight increase in 
the number of repetitive spikes per train 
induced either by DDT or allethrin in the 
touch receptors n-as observed only in a fe\\ 
cases, when the temperature of the prepara- 
tion was lowered to IO-15°C. In other cases 
there was no effect or even a decrease in 
the number of repetitive spikes after cool- 
ing. This contrasts sharply with the latcral- 



line organ where a definite negative A I 7iGiz 
temperature coefficient of repetitive activ- 
ity could he demonstrated (3, 6). The I 

-,----- 

situation in the cutaneous touch receptors 
thus resembles the repetitive firing in 
isolated nerves of Xewp,us, which is also r-l 
fairly independent of temperature (3, 6). J I 

This may indicate that the repetitive 
activity in the cutaneous touch receptors is 
due to repetitive firing of the afferent nerve 
fibers. This possibility was tested by 
stimulating the dorsal cutaneous nerve 
electrically at the point where it is attached 
to the skin. In all cases the compound 
action potential elicited in this way showed r-l 

-I I 

almost the same amount of repetitive 
activity as was observed after mechanical 
stimulation of the skin and no difference 
could be observed between either repetitive 
activity. 

No significant effects of changes in 
temperature were noticed in dieldrin- or l-l 

-I 1 

aldrin-transdiol-treated preparations. 
FIG. 5. Response of a cutaneous touch receptor to 

a brief mechanical stimulus (lower trace) before (A), 

I)ISCUSSION :W min after (B) and 60 min after (C) treatment 
vith 10m5 M allethrin. 

The present experiments definitely dem- 
onstrate that, in contrast to DDT and 
allethrin, the insecticide dieldrin does not In addition Wang et al. (S) found that 
produce any repetitive activity either in aldrin-transdiol also caused a blockade of 
the lateral-line organ, or in the cutaneous spontaneous sensory discharges in the 
touch receptors of Xenopus laevis. Further, cockroach. Such a blocking effect of aldrin- 
aldrin-transdiol, which is looked upon as transdiol was observed here in the lateral- 
one of the active neurotoxic forms of line organ. This latter effect is probably 
dieldrin, also failed to induce any repetitive not due to a suppression of nervous conduc- 
activity in both sense organs. These results tion by aldrin-transdiol as has been reported 
are at variance with observations in the for the squid giant axon (12), for after 
cockroach where both dieldrin- and aldrin- complete blockade of the spontaneous 
transdiol have been reported to cause activity it was still possible to elicit spikes 
repetitive sensory discharges in the meta- of full amplitude by mechanical stimulation. 
thoracic leg, although less intense than It is conceivable that the site of action 
those induced by DDT (7, 8). In the of aldrin-transdiol in the lateral-line organ 
present study, however, low concentrations is located at the synapse between the hair 
of aldrin-transdiol were found to cause a cell and the afferent nerve terminal. This 
marked increase in the rate of spontaneous possibility is attractive because we have 
firing of the lateral-line organ. Possibly then demonstrated that aldrin-transdiol has a 
a similar increase in spontaneous activity marked effect on synaptic transmission in 
in the sensory neurones of the cockroach the motor endplate of the frog, causing 
appears as trains of impulses. first a potentiation of both spontaneous 
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and evoked transmitter release, later fol- this metabolite as one of the active forms 
lowed by a blockade (9, 10). Similar of dieldrin. 
effects of dieldrin or some metabolite on 
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