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Summary. Electrical activity of the brain of Lithobius forficatus has been recorded. The
addition of ecdysteroids (moulting hormone) in the haemolymph increased the frequency
and amplitude of electrical response. Such a stimulation might be specific to these products
since cholesterol and juvenile hormone had no action.

The destruction or removal of various parts of the cephalic endocrine system demons-
trated that the pars intercerebralis (p.i.) (postero-median area ofthe protocerebron) was res-
ponsible for increasing electrical activity after ecdysone supply.

Introduction.

A neuroendocrine feedback mechanism has been demonstrated both in vivo (Agui
and Hiruma, 1977a ; Steel, 1978) and in vitro (Agui and Hiruma, 1977b) in the moulting
cycle of insects. Furthermore, there is electrophysiological evidence of direct ecdyste-
roid action on the insect nervous system (Haskell and Moorhouse, 1963 ; Richter,
1979).

As in insects and crustacea, it has been shown in the centipede, Lithobius forficatus
L., indirectly (Joly, 1964 ; Descamps, 1977) and directly (Joly et al., 1979), that the moult-
ing hormone is an ecdysteroid. There is some evidence in favour of brain control of the
moulting cycle : elecirocoagulation of the median area of the protocerebron causes a
decrease in the moulting percentage, and electrocoagulation of the frontal lobes of the
protocerebron or removal of the cerebral glands leads to an increase in the moult ratio
(Joly, 1966). Electrical stimulation of the same endocrine areas induces a respective
increase and decrease in the moulting percentage (Joly and Descamps, 1977). The
same endocrine centres are involved in the control of male (Descamps, 1974, 1975) and
female (Herbaut, 1975, 1976) gametogenetic cycles.

Previous histological studies (Descamps, 1974, 1975) demonstrated the specificity
of the destroyed nervous areas, although the destruction of the pars intercerebralis (p.i.)
was often incomplete. The neurosecretory cells (NSC) of this endocrine centre are
located on at least one-half of the transverse posterior part of the protocerebron
(Jamault-Navarro and Joly, 1977).

The aim of the present experiments was to (i) demonstrate the effects of ecdyste-
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roids and various compounds on brain electrical responses in L. forficatus, and
(ii) determine the cerebral area involved in those responses.

Material and methods.

Experiments were carried out on adult male and female L. forficatus L. (maturus
senior stage). The centipedes were anaesthetized with ethyl ether and the brain was
stripped by removal of the cephalic cuticle.

Brain electrical activity was collected between a stainless steel extracellular elec-
trode (non-insulated length : 0.25 mm ; apex diameter : 5.6 um) on the p.i. (fig. 1) and

FIG. 1. — Anterior nervous system in L. forficatus.
an : antenna ; a.n. : accessory nerve of the cerebral gland ; c.g. : cerebral gland ; d : deutocerebron ;
fi : frontal lobe ; forc. g. : forcipular ganglion ; n.g.c. : nervus glandulae cerebralis ; o.n. : ocular
nerve ; p : protocerebron ; p.i. : pars infercerebralis ; s.o.g. : sub-cesophagal ganglion ; t : trito-
cerebron ; y : eye.

an indifferent electrode (silver chloride ; 7/100-mm diameter) introduced into the third
truncal segment.

The electrical responses were recorded with a Tektronix 5031 oscilloscope after
amplification with a differential preamplifier WP | with a bandwith fixed between
100 Hz and 30 KHz. In some cases, electrical activity was recorded on a tape recorder
and the frequency analysed with a discriminator (Neurolog system).

Up to now, more accurate methods could not be used due to the small size of the
brain and the difficulty in localizing the different types of neurons and neurosecretory
cells.

We first recorded the basal electrical activity and then the activity resulting from
various solutions added into the haemolymph with a Hamilton syringe. Several solu-
tions were tested : Ringer (Ephrussi and Beadle, 1936) ; Ringer with 10 p. 100 ethanol ;
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1 ug/ul solutions or «-and B-ecdysone (Simes) in Ringer-10 p. 100 ethanol. Cholesterol
is soluble in ethano! but flocculates in Ringer ; therefore we used an opalescent colloi-
dal Ringer-10 p. 100 ethanol solution (1 pg/ul). 7-dehydrocholesterol (1 pg/ul in
Ringer-10 p. 100 ethanol), used as a control by Richter (1979), was also tested. Finally,
we also employed juvenile hormone (JH1) in sunflower oil (1.6 11g/10 ul).

Three types of experiments were carried out : (i) bilateral electrocoaguiation
of the neurosecretory cells (NSC) of the frontal lobes (antero-lateral area of the proto-
cerebron) ; most of the axons of these cells end in the cerebral glands ; (ii) removal of
the cerebral glands ; (iii) electrocoagulation of the NSC of the pars intercerebralis (post-
median area of the protocerebron).

Resvlts.

The various experiments, each including 5 fo 10 centipedes, showed that only basat
electrical activity (i.e., fig. 2a) was recorded in the brain of anaesthetized animals.
Locomotor activity was not involved in basal activity ; indeed, when the centipedes
woke up, the spike amplitude increased from about 80 .V to 400-500 p.V.

The basal electrical activities were not the same in the different animals so a control
was recorded for each one. No change in brain electrical activity was observed after
the addition of Ringer or Ringer-10 p. 100 ethanol (fig. 5). But the addition of 0.5 to
1 ng of ecdysteroids (amounts inducing experimental mouiting ; Joly, 1964 ; Descamps,
1977), after a latency period of 20 fo 60 sec., augmented electrical activity in all cases
(figs. 2b, 3b, 4b) : increase in spike amplitude and spike frequency [from 1-3 Hz in
controls to 10-18 Hz after ecdysone supply (fig. 9)]. High-speed recordings show that

sp/s
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FIG. 9. — Graphic recording of the discharge frequency (spikes/second) of the pars intercerebralis of
Lithobius after B-ecdysone supply (1 ug).
Horizontal bar : 60 sec ; a : basal activity ; arrow : B-ecdysone supply.

the spikes are essentially triphasic (fig. 6). These increases continued for 1 1o 3 min. and
could be induced by a very small amount of ecdysteroid : 0.05 ul of solution, i.e. 50 ng
of the active product. In that case, electrical response was shorter (about 30 sec.) than
after 0.5 o 1 ug of ecdysteroid was supplied. The increased electrical activity could be
cancelled if the brain was washed with Ringer solution, in which case only basal elec-
trical activity appeared.

There was no change in brain electrical activity after the addition of cholesterol
(1 g per animal) (fig. 7) or JH1 solutions (0.16 ug per animal).

To study the destruction of the frontal lobes of the protocerebron, 26 centipedes
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were fested 8, 15, 30 or 60 days after the experiments began. In all cases, B-ecdysone
supply led to an increase in cerebral electrical activity (fig. 8).

Fourteen centipedes were tested 8 or 30 days after their cerebral glands had been
surgically removed. Ecdysone supply led to an increase in elecirical activity, although
spike amplitude was generally less than in the controls.

The ecdysone supply did not cause any electrical reaction in 70 p. 100 of the 20 cen-
tipedes tested 6, 15, 30 or 60 days after electrocoagulation of the pars intercerebralis.
Many of the remaining animals showed a short-lived reaction.

Discussion.

Ecdysteroids induced an increase of brain electrical activity in Lithobius forficatus
and acted either on the frequency and/or on the amplitude, as in insects (fig. 1a, b ;
in the paper of Haskell and Moorhouse, 1963).

The increase in spike amplitude and frequency suggests that ecdysteroids stimu-
lated nervous activity both in the area under the electrode and in more distant struc-
tures. The overall increase of electrical activity was thus related, on the one hand, fo the
fact that previously silent structures were activated and, on the other, to a spatial and
temporal recruitment of nervous unit activity. Triphasic potentials appearing on the
high-speed recordings reflect the electrical activity of the nervous p.i. components
(cells and fibres ; Jamault-Navarro and Joly, 1977) which was collected by the external
electrode in that endocrine area.

The rapidity of the reaction to ecdysone supply may be related fo a membrane
effect, as found in the case of other steroid hormones : the action of progesterone and
some other steroids (Baulieu et al., 1978 ; Godeau et al., 1978) on the meiotic matura-
tion of the Xenopus laevis oocyte and the effect of oestradiol compounds on the electrical
activity of mammalian hypothalamic neurons (Kelly et al., 1977 ; Carette et al., 1979).
Ecdysteroids also have a neurodepressing effect on the electrical activity of insect motor
neurons (Haskell and Moorhouse, 1963 ; Richter, 1979) where a quick response is also
found. So, it would seem that ecdysteroid action on the electrical activity of arthropo-
dian neurons is the third example of a steroid membrane effect.

in L. forficatus, neither the neurons of the frontal lobes nor those of the cerebral
glands are responsible for the increased electrical activity. The site of ecdysteroid
action seems to be in the pars intercerebralis since, after that area was destroyed, the
ecdysone reaction disappeared. If some of the operated centipedes showed a response,
it was probably because the cells were not completely destroyed.

FIGS. 2 to 8. — Oscilloscope recordings of electrical activity of the p.i. in L. forficatus.
In all figures, a : control ; b : after addition of the tested product.
2 and 3 : B-ecdysone (1 ug) ; 4 : a-ecdysone (1 pg) ; 5 : Ringer-10 p. 100 ethanol (10 ul) ; 6 : high-
speed recording after a-ecdysone supply (0,8 11g) ; 7 : Cholesterol (1 1g) ; 8 : Effect of B-ecdysone
supply (1 ng) after destruction of the protocerebral frontal lobes (15 days after surgery).
Scales (in lower right-hand corner) : horizontal bar, 1 sec (except fig. 6 : 20 msec) ; vertical bar,
100 £V (except 2 : 200 V).
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The lower amplitude of response observed in centipedes deprived of cerebral
glands may be related to the decrease in neurosecretory activity of the p.i. NSC observ-
ed after surgery (Jamault-Navarro, 1979).

The increase in p.i. electrical activity seems to be specific to the moulting hormone
since neither cholesterol, a precursor of that hormone, nor 7-dehydrocholesterol had
any effect. It should be pointed out that B-ecdysone (and hormone analogs) is highly
specific ; Cherbas et al. (1980) demonstrated that 27 intermediate compounds in ecdy-
sone synthesis (Lee ef al., 1976) had no action on a Drosophila cell culture.

JH1 had no effect, at least on brain activity. There is only presumptive evidence for
the presence of juvenile hormone in Myriapoda (unpublished data). Moreover, a mimic
of JH, farnesyl-methyl-ether, acts on L. forficatus spermatogenesis (Descamps, 1980).
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Résumé. Chez Lithobius forficatus, I’addition d’ecdysone (hormone de mue) & ['hémo-
lymphe entraine une stimulation de ['activité électrique cérébrale. L’augmentation de la
fréquence et de 'amplitude des signaux enregistrés semble spécifique des ecdystéroides, le
cholestérol ou I’hormone juvénile n’ayant aucune action.

L’emploi des techniques sélectives de destruction ou d’ablation des différentes régions
endocrines impliquées dans le coniréle de la mue et de la gamétogenése a permis de pré-
ciser le lieu d’action de I'ecdysone. Seules les celiules de la pars intercerebralis (région pos-
téro-médiane du protocérébron) semblent intervenir.
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