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Abstract

MUÑOZ-CUEVAS A., CARRICABURU P.: Electroretinographic modulation by dopamine and noradre-
naline in the spider Lycosa tarentula (Araneae: Lycosidae). In GAJDO� P., PEKÁR S. (eds): Procee-
dings of the 18th European Colloquium of Arachnology, Stará Lesná, 1999. Ekológia (Bratisla-
va), Vol. 19, Supplement 3/2000, p. 171-180.

Injections of dopamine, or noradrenaline, produced modifications of the amplitude, latency and
profile of the electroretinograms (ERGs) in a lycosid spider. Each type of eye showed its own
ERG modifications. Dopamine-treated anterior-median and lateral eyes showed opposite modifi-
cations of the amplitudes of ERGs which increased (AME) or decreased (ALE) compared with
controls; the latencies were increased in both cases. Dopamine induced a significant decrease of
the amplitudes and an increase of the latencies of ERGs of posterior-median (PM) and lateral
(PL) eyes. The effect of noradrenaline was less marked. The antagonist haloperidol produced an
opposite effect on ERGs of ALE for all dark adaptation times. The study of visual neuromodula-
tion opens a way towards the control of visually-guided behaviours such as predation, sexual
display and orientation in Lycosa tarentula.

Introduction

Catecholamines are well known as neuromodulators and neurotransmitters in vertebrates.
Dopamine, mainly, has been widely studied in relation to the modulation of vertebrate vi-
sual systems (review by NGUYEN-LEGROS, 1996).

The action of cataecholamines on arthropod visual system has very rarely been studied.
KONOPKA (1972) observed very low concentrations of dopamine in mutants tan of Droso-
phila melanogaster which showed striking abnormalities of their electroretinograms (HOTTA,
BENZER, 1969). Noradrenaline plays a role in screening pigment regulation of a sphingid
moth, Deilephila elpenor (JUSE et al., 1987). Most studies of this kind on neuromodulation
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in Arthropoda do not involve the visual system. However, the effects of biogenic amines,
octopamine and serotonine on the modulation of ERG have been studied in scorpions and
opilions (Arachnida) (CARRICABURU, MUÑOZ-CUEVAS, 1987; MUÑOZ-CUEVAS, CARRICABURU,
1990). In the central nervous system of spiders, evidence was provided by MEYER et al.
(1984) concerning the comparative distribution and contents of important neurotransmit-
ters and neuromodulators. Injections of modafinil (R), a drug able to induce in vertebrates
an awakening effect via an effective central α 1- adrenergic tone, induce modifications of
the amplitude and latency of electroretinograms (ERGs) in the spider Lycosa tarentula
(LINNAEUS) during dark adaptation (CARRICABURU, MUÑOZ-CUEVAS, 1998). Dopamine, adrena-
line and noradrenaline have been found in Lycosidae (MEYER, 1991; MEYER, JEHNEN, 1980;
MEYER et al., 1984). The amounts of noradrenaline in the central nervous system of hunting
spiders (Salticidae, Lycosidae) exceed that of dopamine, while amounts of both substances
are about the same in web-building families (Agelenidae, Araneidae). Based on these find-
ings, an analysis of the effects of dopamine and its antagonist haloperidol, which blocks
dopamine receptors in vertebrates, on the ERGs of Lycosa tarentula is reported below.

Fig. 1. ERG- electroretinogram; β and γ negative
waves; δ positive wave. CPE- photo electric cell. A-
amplitude; L- latency.

Material and methods

Lycosa tarentula (Lycosidae) females from Canto Blanco (Madrid, Spain) were maintained in the laboratory,
in Paris, at 20°C and under natural light-dark cycles (LD: 10/14). Animal mass was about 2 g.

Nocturnal and diurnal electroretinograms were obtained by using a technical device described earlier
(CARRICABURU et al., 1990). The light stimulus was an electronic flash of white light, which produced 45 000 lx/
s; the duration of the flash was a few milliseconds. Spiders were positioned in a Faraday cage in total darkness.
Electric signals were amplified and directly photographed from the cathode ray oscilloscope screen (Fig. 1).
ERG recordings were obtained in each eye type for 1s, 2s, 5s, 10s, 20s, 60s and 300s of dark adaptation.

The following drugs were tested: dopamine (hydroxytryptamine hydrochloride, Sigma), noradrenaline
(norepinephrine hydrochloride, Aldrich), both substances were used in 0.0001M water solutions, haloperidol (4-
[chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone, Sigma) (0.0001M in 20% DMSO).
Microquantities of these drugs were injected through a Hamilton microsyringe into the dorsal vessel of the
spiders.
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Results

Effects of dopamine during daytime (morning)

Anterior-median (AME) and lateral eyes (ALE)
Injection of dopamine (3µl) at 10.00 h, after recording of a control ERG, induced a slight

increase (about +0.3 mV) of the amplitude one hour later in AME for 10s to 300s of dark
adaptation (Fig. 2). On the other hand, the amplitude of ERGs of ALE decreased (up to -1.5
mV) for 1s to 10s of dark adaptation and did not vary for longer adaptations; the decrease
compared with the control amplitude was only 0.5 mV for 300s of dark adaptation (Fig. 3).

Latencies were increased after dopamine treatment in AME as well as in ALE. In the
case of AME, control latencies showed two distinct levels, one up to 10 or 20s of dark
adaptation, and another much higher one for longer adaptations. These two levels of la-
tency were greatly increased in dopamine-treated animals (Fig. 2). Latency of ALE control
specimens was 50ms for all dark adaptation times; the injection of dopamine induced a slight
lengthening of the latency for short dark adaptation times but from 10s to 20s of adaptation,
latency was much increased, reaching 76ms, a value which did not change for longer times
of adaptation.

Posterior-median (PM) and lateral (PL) eyes
A striking decrease of the amplitudes appeared in ERGs of PM and PL eyes of dopam-

ine-treated spiders recorded at 11.00 h. For PME, control amplitudes, at 10.00 h, were
5 mV (or nearly so) for all times of dark adaptation. After dopamine injection, ERG ampli-
tudes of PME were much smaller (from 1.2 to 2.4 mV) (Fig. 4). The latencies, shorter than
normal for 1s of dark adaptation, reached 72 ms from 60s of dark adaptation on, a value
much higher than the normal one (46 ms) (Fig. 4).

The amplitudes of PLE responses after dopamine injection decreased from 4 mV (con-
trol value) to 0.8 mV for 1s of dark adaptation. For longer adaptation times, control ampli-
tudes showed smaller and smaller values up to 60 s of dark adaptation for which 2 mV were
recorded, while the experimental amplitude was 1 mV. On the other hand, experimental
latencies reached 76 ms for 60 s of dark adaptation, while control latencies were constantly
46 ms (Fig. 5).

Effects of noradrenaline during daytime (afternoon)

The injection of a noradrenaline solution (5 µl) at 15.00 h resulted, one hour later, in ERG
amplitudes of PME a little higher (+ 0.5 mV) than for the controls, which did not exceed 4.1
mV at 17.00 h for short times of dark adaptation (Fig. 6). From 10s to 60s of dark adaptation,
the experimental amplitudes were severely dropping up to 2.6 mV, 0.8 mV less than the
control one. The latencies were much higher than normal for all dark adaptation times in
ERGs of PME or PLE, reaching 64 ms for 300s dark-adapted spiders (Fig. 6, 7).
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Figs 2-3. Effects of dopamine (DA), in the morning, on the amplitudes (mV) and latencies (ms) of ERGs for
different times of dark adaptation. a: amplitude, ct: control, l: latency, s: seconds; ticks on X axis are on a log
scale. 2. Anterior-median eye (AME); 3. Anterior-lateral eye (ALE).
Figs 4-5. Effects of dopamine, in the morning, on the amplitudes (mV) and latencies (ms) of ERGs of posterior-
median (PME, Fig. 4) and lateral eyes (PLE, Fig. 5) for different times of dark adaptation. Same labels as in Figs 2-3.
Figs 6-7. Effects of noradrenaline (NA), in the afternoon, on the amplitudes (mV) and latencies (ms) of pos-
terior-median (PME, Fig. 6) and lateral eyes (PLE, Fig. 7).
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The effect of noradrenaline on ERGs of PLE were also expressed as a decrease of the ampli-
tudes, more important (-1.2 mV) for short than for long dark adaptation (-0.5 mV) (Fig. 7).

Effects of dopamine and noradrenaline on the ERG-wave form

Dopamine injected in the morning induced a downturn of the curves, much accentuated
for more than 20s dark adaptation times. In posterior eyes, an attenuation of the γ wave and
the disappearance of the δ wave took place, after noradrenaline treatment; both waves were
obvious in ERGs of posterior eyes of control spiders at the corresponding time. During the
night, dopamine as well as noradrenaline did not induce any modification of the ERG-wave
form.

Effects of haloperidol on ERGs of ALE

Effects of haloperidol, an antagonist of dopamine, were studied on the ERGs of ALE in
daytime and at night.

Test 1
Control ERGs were first recorded at 12.00; then 3 µl of dopamine solution were injected

and other ERGs were recorded 300s later. At 12.30 h, 10 µl of haloperidol solution were
injected. ERGs of ALE recorded at 13.30 h showed an amplitude about 4 times as high as that
recorded from control or dopamine treated animals, for all dark adaptation times (Fig. 8).

Test 2
The effect of haloperidol was also studied for longer periods. A 10 µl injection of halo-

peridol was made at 12.30 h. ERG recordings were performed 1, 2, 20, 29, 30, 31 and 33
hours after the injection for 300s of dark adaptation. ERG amplitudes appeared progres-
sively increased up to 31 h after the injection, then a slight decrease was recorded (Fig. 9).
It should be noted that a comparison with control amplitude of ALE ERGs at times of the
day nearly corresponding to some of the experimental recordings showed that the maxi-
mum increase of amplitude had been recorded one or two hours after haloperidol injection.

Test 3 
In the third experiment, control ERGs were recorded at 11.30; 10 µl of haloperidol

solution were injected at 11.40 h; a second injection (20 µl) was made 4 hours later (at
15.45 h). ERGs recorded 6 hours after the first injection showed largely increased ampli-
tudes (+ 4.1 mV) compared with those of control ERGs (at 17.15 h) for short times of dark
adaptation. From 10s and more of dark adaptation, the experimental amplitudes decreased
faster than the control ones; for 300s of dark adaptation, experimental and control ampli-
tudes of ERGs differed only by 1.3 mV (Fig. 10). Eleven hours after the first injection, at
22.40 h, the increase of amplitudes, compared with the control recorded at 00.35 h, varied
from + 3.6 mV for 1s to + 1.6 mV for 5 min of dark adaptation (Fig. 10).
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Test 4
Recordings of ALE ERGs were performed as controls at night, at 03.15 h; 30 µl of

haloperidol solution was injected at 03.25 h and ERGs were recorded 1, 7, 11 and 18 hours
after the injection, that is at 04.30 h, 10.30 h, 13.30 h and 21.30 h respectively. The ampli-
tudes of control ERGs were higher at 03.15 h than in daytime: a maximum of 5.2 mV was
reached for 5s of dark adaptation. In all recordings following haloperidol injection, ERG
amplitudes were higher than control amplitudes; the highest amplitude was recorded 7 hours

Fig. 8. Effect of dopamine (DA) and haloperidol (HA) on the amplitudes (mV) of ERGs of ALE for different
times of dark adaptation. Test 1: in daytime. ct: control.
Fig. 9. Long-term effect of haloperidol (HA) on the amplitudes (mV) of ERGs of ALE. Test 2: for each value of
amplitude, time of recording is indicated; control (ct) amplitudes at three corresponding times are included;
ERGs were recorded for 5 min dark adaptation.
Fig. 10. Effect of a double injection of haloperidol (HA) on the amplitudes of ERGs of ALE for different dark
adaptation times (Test 3).
Fig. 11. Effect of haloperidol (HA), at night, on the amplitudes of ALE recorded from 1 to 18 hours after injec-
tion, for different times of dark adaptation (Test 4).
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after the injection (Fig. 11). One hour after the injection, the amplitudes of ERGs were only
a little higher than for the controls. The largest increase of amplitude was recorded after
7 hours, when it reached 8 mV, that is 4 times the control amplitude for 5s of dark adapta-
tion. The effect of haloperidol 10 or 18 hours after the injection was less significant, the
amplitudes reaching only twice the control values.

Effect of haloperidol on ERG-wave form

In the ERGs recorded in daytime, the γ wave was accentuated and the δ wave slowly
decreased to much lower than the basal line after 5 min of dark adaptation. At night, γ and
δ waves were similar to those of control ERGs.

Discussion

The physiological role of dopamine in the vision process has been investigated on a few
species of vertebrates. Two aspects of dopamine activity have been treated: the modifica-
tions of ERG and the structural changes in neurons induced by dopamine. CITRON et al.
(1985), studying the amphibian Rana pipiens, have shown that 6-hydroxydopamine in-
jected in the vitreous body, reducing the amount of dopamine in the retina, induces an
increase of the b-wave and the amplitude of oscillation potential (OP). Apomorphine, an
antagonist of dopamine, reverses the process. The action of dopamine and its antagonist,
haloperidol, was tested on chicken ERG by SATO et al. (1987), WIOLAND et al. (1990) and
RUDOLF et al. (1991). The common results obtained by these authors are an increase of the
amplitude of c-wave of ERG after dopamine and a strong decrease of b and c-waves after
haloperidol; the c-wave may even disappear (SATO et al., 1987).

Biochemistry and cell electrophysiology methods have been used to localise the site and
elucidate the mode of action of dopamine in the retina of other vertebrates such as teleost
fishes (DOWLING, 1991; NGUYEN-LEGROS, 1996). It is now well established that the b-wave
and, most of all, the oscillation potential of ERG are related to the activity of interplexiform
cells of the retina, some of which are dopaminergic cells. DOWLING, EHINGER (1978) have
shown that dopamine released at specific synaptic sites in the fish retina modulates the
activity of horizontal cells. Dopamine application to the fish retina results in a decrease of
the amplitude of responses to light of horizontal cells and in a reduction of the electrical
coupling between these cells. Dopamine exerts its multiple effects via cyclic AMP and
protein kinase A (DOWLING, 1991).

The modulation of ERG by catecholamines has never been experimentally studied in
arthropods. However, modifications of ERG, in mutants ital. (or ital.) of Drosophila
melanogaster (HOTTA, BENZER, 1972), have been related to very small amounts of dopam-
ine in the mutant ital., in juveniles as well as in adults (KONOPKA, 1972).

Dopamine and noradrenaline have an indirect effect on adaptation to light (NA) and
darkness (DA). Both substances stimulate the release of red- or black-pigment-concentrat-
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ing hormones (RPCH or BPCH) from chromatophore cells in the crab Uca pugilator
(KULKARNI, FINGERMAN, 1986). In the sphingid moth Deilephila elpenor, JUSE et al. (1987)
have found that noradrenaline alters pigment migration in the compound eyes: pigment
migration is reversed by noradrenaline application after light stimulation. A similar, but
less marked effect is obtained with dopamine.

Dopamine and its antagonist haloperidol influence the behaviour of insects also. Ag-
gression between individuals of the ant Formica rufa is stimulated by dopamine and mod-
erated by haloperidol (KOSTOWSKI et al., 1975). According to GERM (1997), variations of the
concentration of biogenic amines, such as dopamine, in the visual tissue, during the postem-
bryonic development of the mantids Tenodera sinensis and Polyspilota sp., is most prob-
ably correlated with the development of the visually-guided predatory behaviour of these
species.

Dopamine and noradrenaline modulate the electroretinographic responses of Lycosa
tarentula. In this species, the effects of catecholamine treatments on ERGs are not the same
(1) for all eye types, (2) for each eye type when ERGs are recorded at different times of the
day. The rhythmic process of rhabdom structural changes during 24 hours also follows
a particular timing for each eye type (KOVOOR et al., 1995). In the morning the slight in-
crease of ERG amplitude of AME contrasts with the strong decrease of ERG amplitude of
the indirect eyes, ALE, PME and PLE. Rhabdom renewal of AME retinae occurs partly
during the daytime (ORTEGA et al., 1997). It can therefore be assumed that ERGs of AME
will not be affected by dopamine in the morning. It has been shown that the rhythmic re-
newal of rods of rat (REMÉ et al., 1986) or ox retinae (MASRI et al., 1996) is slowed down
under the action of dopamine. The decrease of the amplitudes of ERG is not as marked in
ALE as in PME or PLE which function in daytime. In these cases, dopamine seems to
induce an amplification of the diurnal functioning, which is less effective in ALE than in
posterior eyes. Parallel to this physiological difference between anterior median and other
eyes of L. tarentula, an important neuroanatomical difference is obvious. Anterior-median
retinae are connected to the side of the brain via two small optic neuropiles, isolated from
the three neuropiles of the other eyes, which are partly interconnected (KOVOOR et al., 1992).

Applied in the afternoon, noradrenaline induces only a moderate decrease of the ampli-
tude of PLE ERGs; for PME, the amplitude is increased for 2 and 5s dark adaptation but it
is decreased for the longest times of adaptation while a large increase of latencies is ob-
served for both eyes, as under the action of dopamine in the morning.

From the four experiments performed with haloperidol, some characteristics of the ef-
fect of this antagonist of dopamine on ERGs of ALE clearly appear. This drug reverses the
effect of dopamine in daytime; it has no effect at night (04.00 h); it has a long-term action
on the amplitude of ERG which is still largely increased 33 hours after the injection.

Modulation of ERGs under the action of biogenic amines has been studied in scorpions
and opilions (CARRICABURU, MUÑOZ-CUEVAS, 1987; MUÑOZ-CUEVAS, CARRICABURU, 1990).
The visual system of scorpions differs from that of opilions and in both orders it is never as
complex as in spiders. Octopamine appears to be the main neurotransmitter for scorpions,
as for xiphosures; it is responsible for the modulation of the ERG of the median eyes. The
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nocturnal effect of octopamine is inhibited by phentolamine which blocks the adenylate-
cyclase sensible to octopamine. In opilions Gonyleptidae (Discocyrtus dilatatus SÖRENSEN),
serotonine modulates the ERG amplitude which is higher during daytime than at night. By
blocking S1 receptors of serotonine in the CNS with cyproheptadine, a striking decrease of
ERG amplitude occurs. The modifications of ERGs induced by catecholamines in Lycosa
tarentula are more subtle and diverse. They differ from one eye type to another and express
(or follow) the circadian rhythm of activity of each eye type.

In the natural habitat of L. tarentula, light intensity reaches 30 000 or even 50 000 lx
during the photophase, when the spider is hunting prey, visually discriminating objects
(ORTEGA et al., 1994) and using polarised light of the sky for orientation. It would be of
interest to study the modulatory action of catécholamines and other neuromodulators on the
expression of visually-guided behaviours of L. tarentula.
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