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Abstract

Avian pineals show rhythmic, circadian melatonin secretion pattern also
in vitro. The phase of this rhythm can be modified by changing the illu-
mination. Reversed in vitro illumination reverses the phase of the circa-
dian melatonin rhythm in two days. In the present study the effect of the
wavelength on the speed of the phase shift of the melatonin rhythm of the
explanted chicken pineals was investigated in a dynamic in vitro bioassay.
Chicken pineals were placed into perifusion columns and the tissue was
exposed to reversed illumination through various light filters. Changes in
the melatonin release during 4 day long experiments were studied. Clear
differences in the speed of the reversal of the melatonin rhythm were
observed as a function of the transmission spectrum of the light filters.
The shorter the transmitted wavelength, the more rapid the phase shift
was found. These data are in good agreement with earlier studies show-
ing that the chicken pineal photo-pigment, pinopsin, is a blue light sen-
sitive molecule. Our observation reveals that the blue light sensitive
pigment is not only present but also fully functional in controlling the
circadian biological clock in the chicken pineal gland.
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Introduction

In the last decades a large number of publications
have reported the importance of light in the main-
tenance and regulation of pineal function in a vari-
ety of species. The interrelationship between light
and the pineal is one of the most unequivocally con-
firmed facts in pineal physiology. However, very lim-
ited data are available on the wavelength of the light
to which the pineal gland is the most sensitive. Most
authors agree that only the visible portion of the
light spectrum can influence pineal activity. Within
this range, the pineal-influencing activity of the light
decreases with the increase of wavelength: blue light
is the most potent, while red light has no effect
on the pineal gland. Cardinali et al. [1, 2] reported
the above sequence of effectivity of the different
wavelength of light on the Hydroxy indole-O-Methyl
Transferase (HIOMT) activity in the pineal gland of
rats. Similarly, N-Acetyl-Transferase (NAT) activity
and melatonin production of the rat, hamster and
mouse pineal gland also showed parallel decrease
with the increase of wavelength [3]. In night peak of
melatonin with blue, green and yellow light or “near
ultraviolet” light provoked a 40% decrease, while red
light was ineffective [4, 5]. Blue light proved to be
20-25% more potent than the green light [3]. Simi-
lar findings were reported on human volunteers [6].
Also, an evoked (EEG-like) activity was also elicited
in the pineal gland of the rat by blue, green and
yellow lights, but not by red [7, 8].

All the above experiments were performed in vivo
on mammals. Nelson and Zucker [9] and Gross and
van der Kooy [10] stated that there are no function-
ing extra-retinal photoreceptors in mammals. The
light control of the circadian rhythm of the mam-
malian pineal gland is mediated exclusively by the
retina. This observation explains why only visible
light influences the activity of the mammalian pineal
gland.

On the other hand, light receptors were demon-
strated by morphological methods in the pineal gland
of a variety of sub-mammalian species from the tele-
ost up to the birds [11, 12, 13, 14, 15]. The photosensi-
tive pigment in the avian pineals was named pinopsin
[16, 17].

Our previous studies revealed that the chicken
pineal photoreceptors are functionally coupled to
the intracellular melatonin synthesizing machinery
in the chicken pineal gland. The circadian rhythm
of melatonin secretion of the explanted, perifused
pineal gland can be influenced by changes in the
lighting schedule [18, 19, 20]. These experiments
were performed with neutral, white light. The sen-
sitivity of these pineal light receptors to the different

300

wavelengths of light, however, has not been investi-
gated. The aim of the present study is to show the
role of the different wavelengths of light in the regu-
lation of melatonin secretion and circadian rhythm
of the perifused chicken pineal gland. This might
be a direct approach of the differential light sensi-
tivity of the avian pineal photoreceptors. Since in
vitro reversed illumination of the chicken pineals
was found to be the most suitable model to study the
effects of the light on the rhythmic melatonin secre-
tion, to pursue our goals, explanted chicken pineals
were exposed to reversed illumination through vari-
ous light filters.

Materials and methods

Chemicals and instruments.

Organic and inorganic chemicals, including
Medium 199 (M-5017), BSA (A-7888), Gentamycin
(G-3632) and Sephadex G-10 (G-10-120), were pur-
chased from Sigma Chemical Co. For light filters,
household cellophane foils were stained with micro-
scopic stains: Victoria blue (Gurr. Co.), Trypanrot
and Smaragdgriin (both from Dr. Giibler & Co.). To
increase the stain-absorbency, the cellophane foils
were coated with gelatine; then they were soaked
into the stains dissolved in 40% aqueous ethanol.
After drying them at room temperature, the light
transparency spectrum of the filters was determined
with a Beckman DU-64 spectrophotometer. The
intensity of the light on the surface of the perifu-
sion columns was measured with a PU150 Luxmeter
(Metra Blansko Co.).

Perifusion.

Four to five-week-old white Leghorn chicken were
used for our experiments. The animals were kept in
our facilities for at least two weeks before the experi-
ment under controlled light (light on from 6 A.M.
to 8 PM.). Food (wheat and corn) and water were
available ad libitum. The chicken were sacrificed
with decapitation on Mondays at 1 PM. Their pineal
glands were removed, cut into 4 pieces and placed
into perifusion columns. Perifusion experiments
were carried out in a system similar to that described
earlier [21, 22]. Briefly: Pieces of the pineal gland of
one chicken, mixed with Sephadex G-10, were trans-
ferred onto superfusion columns. The glass perifu-
sion columns were placed in a dark room and illu-
minated with a 18 W white fluorescent light during
the light periods. Medium-199-based tissue culture
medium, supplemented with 1 g/l BSA and 50 mg/l
Gentamycin, was passed through the columns at
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a rate of 6 ml/h. Starting immediately after the
column preparation, 3 ml (30 minutes) fractions
were collected from the effluent media for four
days. In each experiment, 2 columns (parallel experi-
ments) were used and 180 fractions were collected
from each column. Melatonin contents of the frac-
tions were determined by RIA as described earlier
[22]. Washout studies indicated that melatonin
passes rapidly through the column; more than 90%
passes within 5 minutes.

RIA results were further analyzed with a dedi-
cated computer program [21]. In the figures, repre-
sentative examples of 2 to 4 identical experiments,
with visually the same results, are shown.

Results

The effects of reversed illumination on melatonin
secretion from explanted chicken pineals.

Chicken pineals were placed into perifusion col-
umns and exposed to normal (Fig. 1. N) or reversed
(Fig. 1. R) illumination during 4 day experiments.
Normal in vitro illumination was served by natural,
environmental light through the laboratory window
facing north. Lights on (more than 10 lux on the sur-
face of the glass columns) was between 7 A.M. and 8
P.M. at the time of these experiments. For reversed in
vitro illumination, the columns were covered with a
thick, black cloth during the daytime and illuminated
with a 18 W white fluorescent light between 8 P.M.
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and 8 A.M. The light-intensity on the surface
of the columns was 1200 lux.

Under normal, daily light rhythm, the
explanted chicken pineals released melato-
nin in an evident circadian rhythm with
the zenith in the middle of the dark period.
The increase of the melatonin level, how-
ever, apparently started already around the
middle of the light period. Similarly, the
fall of the melatonin level began still in the
dark (Fig. 1 N). Reversed in vitro illumina-
tion deeply modified the melatonin rhythm.
During the first day, in spite of the illumina-
tion, the melatonin concentration started to
increase, although the peak was well below
the dark level of the controls. In the middle
of the second day, the dark period already
resulted in a secondary peak. On the third
day, an apparently complete reversal of the
melatonin rhythm was observed; at noon, in
the middle of the dark period, a large mela-
tonin peak was obtained similar in size to
that in the middle of the dark period of the
normal in vitro cycle.

Light-transparency spectrum of the filters

The relative light-transparency spectrum
of the homemade cellophane filters are plot-
ted on Figure 2. Victoria-blue was transpar-
ent in the 420-560 nm range, Smaragdgriin
in the range of 480-620 nm and Trypanrot
in the range of 690 to 800 nm. The transpar-
ency window of the three filters span well the
visible light spectrum.

The effects of the filtered light on the
reversal of the in vitro melatonin rhythm
of the explanted chicken pineal glands.

Explanted chicken pineals were exposed
to reversed illumination in experiments sim-
ilar to those described above for the reversed
illumination experiment. This time the per-
ifusion columns were also wrapped into
stained cellophane filters. The light absor-
bency of the filters were compensated in each
case by moving the light source until 1200
lux light intensity was resulted on the sur-
face of the columns behind the filters.

In all groups, a complete reversal of the
daily melatonin rhythm was obtained in
three days (Fig. 3). However, the speed of
the modifications was apparently different.
Behind the red filter, during the first light
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Fig. 2. Light transparency spectra of the filters used in the experiments.
Relative optical transparencies of the cellophane filters stained with Victo-
ria blue (V), Smaragdgriin (S) and Trypanrot (T) are plotted.

period (8 PM. to 8 A.M.), a large melatonin peak was
detected (Fig. 3 R). This peak was apparently larger than
that obtained in the similar phase of the normal, natural
reversed illumination. A similar peak was just detectable
behind the green filter (Fig. 3 G) and completely missing
behind the blue filter (Fig. 3 B). During the next dark phase
(between 8 A.M. and 8 PM. on the second day) a melatonin
peak was detected. This peak was small under red and much
larger under green and blue filters. On the third day in the
middle of the dark phase, a large melatonin peak was mea-
sured in each case.

Discussion

Unlike mammalian, avian pineals show circadian mela-
tonin secretion patterns also in vitro [19, 23]. This rhythmic
melatonin secretion is primarily controlled by a circadian
“biological clock” [24]. The complete biological clock resides
inside the avian pineal, thus it is fully functional in vitro.
For its genetically determined development no circadian
changes in the environment are required [20]. While the
frequency of the circadian clock in the explanted chicken
pineal can be altered only within very narrow limits, its
actual phase can be shifted easily with alteration of the in
vitro illumination pattern [18, 20]. Reversed in vitro illumi-
nation has the most striking effect on the phase shift of the
circadian pacemaker of the explanted pineal. The perifusion
method is suitable to follow subtle changes in the melatonin
secretion from explanted avian pineals for several days [22,
19]. This is why perifusion experiments on chicken pine-
als, exposed to reversed illumination, were applied in this
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study to investigate the effect of the wavelength of
the light on the circadian pacemaker in the avian
pineal.

Reversed in vitro illumination resulted in a com-
plete, 180 degree phase shift in the melatonin
rhythm of the explanted chicken pineals in two days
(Fig. 1 R). Filtered light with different dominant
light spectrum (Fig. 2) also resulted in a similar
reversal of the melatonin rhythm, but the rate of the

phase shift was apparently different (Fig. 3). Com-
pared to changes induced by the normal, unfiltered
light, the red light (Trypanrot filter) induced more
limited changes on the second day; the night-time
peak (during the first red-illuminated period) was
higher than the peak on the following dark phase
(Fig. 3 A). Green and especially blue light advanced
the phase shift significantly. The night-time (illu-
minated phase) peak was completely missing under
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blue, and just marginally present under green light,
and there was a significant peak on the following dark
period similar in size to the normal, dark peak.

These data suggest that the shorter the wave-
length of the light the stronger the effect of the envi-
ronmental light is on the circadian pacemaker of the
avian pineals. Our results are in agreement with the
findings of Okano et al. [16, 17] who identified the
photosensor in the chicken pineal gland, the pinop-
sin, as a blue, light-sensitive photoreceptive mole-
cule with an absorption maximum of 470 nm. The
blue light sensitivity of the chicken pineal gland is
also supported by the observation that the chicken
pinopsin showed considerable cross-reactivity with
the green-blue, light-sensitive photoreceptors of the
reptiles using immunohistochemistry at light- and
electron-microscopic levels [25, 26]. Data of our
experiments reveal that this blue sensitive pigment
is not only present but it is fully functional in the
chicken pineal gland acting on the circadian biologi-
cal clock controlling the melatonin secretion from
avian pineal glands.
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