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Migration of the screening pigment in the compound eye of the sphingid moth Deilephila 

elpenor is altered by noradrenaline, as shown by microreflectometric measurements on eyes of 
intact moths and by transmission microscopy on preparations consisting of the screening pigment 
cells and dioptric structures. Local application of noradrenaline inverts the reaction of the 
pigment to light stimulation; light causes a contraction of the pigment instead of the normal 
dispersion. It is suggested that catecholamines are involved in the normal regulation of pigment 
migration.

Introduction

In the superposition eyes of sphingid m oths the 
intensity of the light reaching the photorecep tors is 
regulated  by m ovem ent of pigm ent granules located 
in specialized screening pigm ent cells (see [1—4]). In 
the dark-adapted  eye the pigm ent is contracted  dis- 
tally between the crystalline cones, and much of the 
incident light is reflected by the baskets of tracheols 
that surround the photorecep tors in each om m a- 
tidium . The reflected light can be seen as an “eye 
glow” or a “pupillary response” (see [5]). Exposure 
to an adapting light causes the pigm ent granules to 
disperse, and the eye glow to d isappear. In the sphin­
gid m oth Deilephila elpenor the spectral sensitivity of 
pigm ent expansion differs m arkedly from  the spec­
tral sensitivity of the retinula. The sensitivity of the 
retinula is maximal in the green region, A.max =  
525 nm , and has sm aller maxim a in the blue-violet, 
^max =  440 nm , and ultra-violet (U V ), Xmax = 
350 nm , regions of the spectrum  [6 ]. In contrast, 
maximal sensitivity of the pigm ent expansion in 
Deilephila has been recorded in the U V  region, a 
m edium  sensitivity in the blue-violet region, and a 
small sensitivity, about 0 .0 1 , in the green region 
close to the absorption peak of the num erous green 
sensitive visual cells [7, 8 ]. The dissimilarity betw een 
the spectral sensitivities of pigm ent m igration and of
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the retinula suggests that in Deilephila pigm ent 
m igration is possibly controlled by the activity of the 
U V  and blue-violet sensitive photoreceptors. In 
o ther species the spectral sensitivities are m ore simi­
lar. In the related m oth M anduca sexta the spectral 
sensitivity of pigment expansion m atches the action 
spectrum  of the retinular response [9],

Pigm ent migration can also be elicited in p repara­
tions consisting of only the screening pigm ent cells, 
dioptric structures and small visual cell rests (free 
from rhabdom es). The light-induced dispersion of 
the pigm ent in such preparations can be determ ined 
by transm ission m icrospectrophotom etry. The tim e 
course of change in transm ission m easured in the 
presence of potassium chloride is sim ilar to the 
change in reflectance recorded in intact eyes [8 ]. It is 
therefore possible that the pigm ent cells, or the ad­
jacent Sem per cells, contain a photopigm ent, which 
can trigger m ovem ent of the pigm ent granules inde­
pendently  of photoreceptor activity. It may then be 
asked if pigm ent expansion is controlled only by a 
single photochem ical m echanism , probably in the 
visual cells, or if it is controlled by an interaction 
betw een such mechanisms located in different types 
of retinu lar cells, i.e. in the visual cells and in the 
pigm ent or Sem per cells. Changes in the extracellu­
lar ionic composition due to  pho torecep tor excitation 
seems not to be an essential com ponent in such an 
interaction , since maximal excitation of the green 
sensitive photoreceptors elicits only a very small 
expansion of the screening pigm ent. A  transm itter 
m ediated interaction betw een the different cell types
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seem s m ore likely. In addition to the UV-blue in­
duced light reaction , a neuro-hum oral regulation of 
pigm ent m igration is further supported  by the vast 
difference in reactivity of pigm ent migration during 
day and night. C atecholam ines may be candidates 
for such cell com m unication m odulating the pigment 
m igration, as indicated by the results of the study 
reported  here.

Materials and Methods

The technique for m easurem ent on intact eyes of 
Deilephila  and on the eye preparations consisting of 
only peripheral cells and visual cell rests has been 
described in detail [8 ] and is only briefly summ arized 
here. The eyes were cut tangentially to the cornea 
distally to  the rhabdom es. The preparation was 
placed on an agar gel containing potassium  chloride, 
200 m M ,  and glucose, 50 m M ,  and kept in a plexi­
glass-cham ber covered by a cover glass to ensure 
constant ion concentration  in the supporting gel and 
constant hum idity in the cham ber. A  small droplet of 
potassium  chloride solution containing the drug to be 
tested  was dropped onto  the agar gel. The effect on 
the pigm ent m igration of the following drugs ( 1 0  mM 
solutions) was tested: D opam ine, D ,L-noradrena- 
line, D ,L-adrenaline, D ,L-isoprenaline, dichloroiso- 
p ro tereno le and phenoxybenzam ine. In the experi­
m ents on intact eyes contact gel (Siemens) contain­
ing the drug was applied on the cornea. The contact 
gel m ade the cornea transparen t to  ions, and also to 
small drugs, as shown by the experim ent illustrated 
in Fig. 2. R eflectom etric m easurem ents were m ade 
using a set-up based on a Leitz O rthoplan fluores­
cence m icroscope. P igm ent m igration was stim ulated 
by m onochrom atic or broad band light, and the eye 
glow reflected from  the tracheols within the stim u­
lated area  (d iam eter 30 to 40 corneal facets) was 
m onitored  m icrophotom etrically by a red measuring 
beam . Two crossed polarization filters elim inated 
light reflected from  the cornea. Transmission m icro­
photom etry  was m ade using the same microscope 
set-up. Stim ulating lights (2 to 4 s) usually were a 
m onochrom atic blue stimulus (Xmax =  430 nm; m ono­
chrom ator B auer BM , bandw idth 2 nm; maximal 
intensity =  3 . 4  x 1 0 15 photons x cm - 2  x s_1), a broad 
band U V  stimulus (Xmax =  370 nm; filter Schott 
U G 11 ; half bandw idth about 80 nm; maximal in­
tensity =  2.4 x 1016 photons x cm - 2  x s-1), or a blue 
stimulus (Xmax =  445 nm; filters Schott B G 12,

G G 435 and KG 1; half bandw idth about 50 nm: maxi­
mal intensity =  3 x  1 0 l6photons x cm - 2  x s ' 1). The red 
m easuring light cam e from  a variable tungsten lamp 
( 6  V; 5 A ) fitted with an edge filter (Schott R G 630;
4 mm).

Results and Conclusions

The variation in tim e course of change in eye glow 
with stim ulus intensity in an intact anim al is seen in 
Fig. 1 a. The eye glow was m easured as the num ber 
of photons per 1 0  ms reflected from  the tracheolar 
layer. The light stim ulus, after a latency of about 20 
to  30 s, was followed by a decrease in reflectance.

Fig. 1. Pigment migration in moth Deilephila elicited by 
blue (a) or UV (b) light stimuli, 4 s. Light stimulus indi­
cated by artifact, a: Time course of light intensity (photons 
per 10 ms) reflected from eye of intact animal after stimula­
tion by blue light (>tmax =  430 nm). Figure shows approx­
imate proportionality between amplitude of decrease in 
reflectance and log stimulus intensity, b: Time course of 
change in reflectance from eye of intact animal, R, and of 
change in transmission through an eye preparation consist­
ing of distal cells, T , elicited by broad band UV stimula­
tion. 4 s. Note similar diphasic time course of R and T.
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The am plitude of the decrease was approxim ately 
proportional to log stimulus intensity. A m inim um  
was reached after about 3 min, after which the re ­
flectance increased to reach the initial value within 
another 30 min. Using brighter stimuli a diphasic 
tim e course of reflectance change was generally ob­
served (Fig. 1 b, trace R). A bout 4 min after stim ula­
tion an incipient increase was followed by a second 
phase of decrease. The ensuing increase in reflec­
tance (not seen in Fig. lb )  lasted about 2 h.

Using the same stim ulating light sim ilar tim e 
courses of transm ission change were recorded from 
the eye preparations consisting of distal cells only 
(Fig. l b ,  trace T). Bright stimuli were followed by a 
diphasic change in transm ission through the eye 
preparation  as well as in reflectance from the intact 
eye. It therefore seems that the com plex mechanism  
eliciting the diphasic tim e course of the pigm ent mi­
gration is located in cells distal to the pho to recep­
tors. This hypotheses is supported by the experim ent 
o f Fig. 2 in which noradrenaline had been added to 
the gel that was applied on the cornea. A fter the 
control m easurem ent (trace 1 ) the animal was kep t in 
darkness for 1  h, the gel containing noradrenaline 
was applied, and 1 0  min later the preparation  was 
stim ulated by U V  light (trace 2). U nexpectedly the 
light stim ulation did not cause the norm al decrease in 
transm ission. The opposite reaction occurred, the

Fig. 2. Effect of noradrenaline on light-induced pigment 
migration. Eye of intact animal stimulated by broad band 
UV light, 2 s. Light stimulus indicated by artifact. Trace 1: 
Reflectance change in an untreated eye. Trace 2: Reflec­
tance change in the same eye after 1 h dark adaptation and 
application of noradrenaline added to electrode gel. Note 
that in trace 2 light exposure leads to a contraction of the 
screening pigment instead of the normal expansion seen in 
trace 1.

transm ission increased, indicating tha t the pigm ent 
contracted  instead of dispersed.

R eversed responses to light stimuli were also ob ­
served when noradrenaline , 10 m M ,  was applied to 
eye preparations consisting of distal cells only (Fig. 
3). T he response to  a UV stimulus a few min after 
application of the drug was a small pigm ent contrac­
tion, seen as an increase in transm ission (trace 2 ), 
while in the control experim ent the transm ission de­
creased showing tha t the pigm ent expanded (trace 
1). A bou t 30 min later a blue light stimulus (trace 3) 
elicited a large contraction , while a subsequent U V  
stim ulus caused a sm aller contraction followed by a 
m onophasic expansion. The la tter diphasic tim e 
course may be due to  the high efficiency of U V  light 
in eliciting pigm ent expansion [8 ]. A  lower concen­
tration  of noradrenaline , 1 m M ,  also elicited a pig­
m ent contraction , although of sm aller am plitude. In 
contrast, in the presence of adrenaline light stim ula­
tion led to a rapid  decrease in transm ission almost 
w ithout latency (Fig. 4). A drenaline thus enhanced 
the pigm ent expansion or possibly had no effect, i.e. 
if adrenaline had an effect it was opposite to that of 
noradrenaline.

Fig. 3. Effect of noradrenaline on change in transmission 
through eye preparation consisting of distal cells. All meas­
urem ents on same preparation. Broad band UV stimulus, 
3 s (traces 1, 2 and 4) or broad band blue stimulus, 3 s 
(trace 2). Light stimulus indicated by artifact. Trace 1: 
Control experiment showing reduction in transmission 
through untreated eye preparation. Trace 2: Transmission 
change a few min after adding noradrenaline, 10 m M ,  to 
agar gel. Trace 3: Transmission change in response to blue 
stimulus after 30 min in darkness. Trace 4: Transmission 
change in response to UV stimulus after 30 min in dark­
ness. Note that noradrenaline caused increase in transmis­
sion comparable to increase in reflectance seen in intact 
animal (Fig. 2).
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Fig. 4. Effect of adrenaline on change in transmission 
through eye preparation consisting of distal cells. Broad 
band blue stimulus, 3 s. Light stimulus indicated by arti­
fact. Note that decrease in transmission started almost 
without latency, and that time course of decrease was faster 
than in recordings shown in Fig. 1 and 2.

Pilot experim ents using dopam ine show ed an ef­
fect sim ilar to  that of noradrenaline, although the 
effect was much less pronounced, w hereas phenoxy- 
benzam ine, which irreversibly blocks a-recep to rs

[10], led to  pigm ent expansion in darkness. This ob­
servation may m ean that activation of a-receptors by 
noradrenaline leads to  a contraction of the pigm ent 
layer. Blocking the ß-receptors by dichloroisopro- 
te reno le did not change the tim e course of pigm ent 
expansion; a result com patible with the enhancem ent 
o f expansion perhaps caused by adrenaline. Possibly 
rela ted  to  our results is the observation (B hatti and 
Fleissner, personal com m unication) that the applica­
tion  of octopam ine, which also activates a-recep tors, 
w ithin the photorecep tors of a scorpion leads to 
m ovem ent of the screening pigm ent granules to ­
wards the dark-adapted  position during the anim al’s 
light period. O ur results are prelim inary, but hint to 
a system of antagonistically acting catecholam ines, 
possibly involved in neuro-hum oral regulation of 
pigm ent m igration.
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