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Summary. Chick embryos were directly exposed to a
source of white light during incubation and sacrificed
before hatching. The light caused a number of
teratological effects such as high mortality, delay
in development, celosomy, hepatomegaly, auricular
dilation and micrognatia. The pineal gland of the
illuminated embryos showed an increase in number
and size of the intracytoplasmic lipid droplets of the
follicular pinealocytes. These findings suggest that the
pineal gland of the chick embryo is sensitive to light.
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Introduction

The pineal gland arises in the diencephalic roof
and lies between the habenular and posterior
commissures (Calvo and Boya, 1979). In the adult, the
pineal gland extends from the intercommissural region
to the roof of the skull and is covered by the
meninges. Its characteristic indol is melatonin and its
levels increase in serum during the night (Binkley et
al., 1973, 1975; Pang et al., 1974, 1977; Pelham, 1975;
Ralph, 1976).

In the adult, the pineal activity is regulated by
the environmental enlighting (Binkley et al., 1977a,b;
Deguchi, 1979a,b; Kasal and Pérez-Polo, 1980).
According to Morita (1966), Ralph and Dawson
(1968) and Okshe et al. (1969) the avian pineal organ
is not directly light sensitive. But, in cultured chick
pineals exposed to different light-dark periods,
N-acetyltransferase ~ (NAT) activity has been
demonstrated (Binkley et al., 1977a,b, 1978a,b,c;
Wainwright and Wainwright, 1978; Deguchi, 1979a,b;
Kasal and Pérez-Polo, 1979, 1980). Although a direct
photoreception has not been proven in vivo, there
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is enough evidence to suggest that the pineal gland
may be sensitive to light (Cuello et al., 1972; Hisano
et al., 1972; Binkley et al., 1975).

In ovo hydroxyindole-O-methyltransferase (HIOMT)
activity has been detected whether in 10-day chick
embryos (Wainwright, 1974a,b) or in pineal culture
(Mezei and Wainwright, 1979). However, no studies
about pineal light activity in the embryo have been
carried out. In the present report the pineal sensitivity
to light in ovo and the effect of light on the embryo
development are studied.

Materials and methods

Eggs of Rhode Island Red domestic fowl, supplied
by a local farm, were used in this experiment. They
were incubated at 38.5° C and 75% relative humidity
for 48 hours, at which time they had reached stage
12-13 in the Hamburger and Hamilton (1951)
development series. Then, after removing 2 ml of
albumen, the embryos were exposed by cutting a 2 ¢cm?
window in the equatorial region of the shell and sealed
with transparent cellophane.

Two bulbs of cold white light (PHILIPS prismatic
SL. 9 and SL. 13) placed 10 cms above the eggs gave
a light intensity of 100 watt.

From a total of 175 eggs exposed, 95 eggs were
incubated in light. The remaining 80 eggs were taken
as controls.

Twice a day the embryos were checked and the
dead ones removed and dissected under the
microscope and studied for malformations. Some of
the embryos which showed abnormalities were
diaphanized following the Simons and Van Horn
(1971) procedure.

At 18 days of incubation, the embryos were
sacrificed and the pineal glands fixed in 2.5%
glutaraldehyde in Sorensen’s buffer (0.1 M phosphate,
pH 7.4) for 30 min at 4°C. After postfixation in 2%
osmium tetroxide in the same buffer for 30 min at 4°C,
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Fig. 1. Effect of light on the mortality of the expossed embryos.
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Fig. 2. Follicular structure of a control pineal giand. (L)
Follicular lumen. (P) Follicular epithelium.

the samples were dehydrated, stained in uranyl acetate
and embedded in Epon. Transversal semithin sections,
2 um thick, were stained in basic toluidine blue and
studied under the light microscope. Ultrathin sections
were counterstained in lead citrate and examined with
a JEOL JEM-TS electron microscope.

Morphometric analysis

The number of intracytoplasmic lipid droplets in
the pineal follicles was counted and the diameter was
measured in 10 fields of 7500 um? selected at random
from each pineal gland. These data were analyzed in
a MESIMAG (Nachet) morphometer.

Results

After 18 days of incubation, the embryo mortality
increased from 19% in controls to 83% when the
embryos were incubated at light (Table 1), showing
two maximum peaks of mortality: one between 4 and
6 days and another between 11 and 12 days (Fig. 1).

The anomalies found in the light-exposed embryos
and in controls were of two types, as set out in Table
1. In the first type the malformations appeared to be
caused simply by exposing the embryo through the
window, whereas in the second type they were induced
by the light.

Among the malformations associated with opening
and resealing the egg is a high percentage of spina
bifida, affecting either totally or partially the spinal
column, macrognatia, mesencephalic anomalies,
microphthalmia, anophthalmia and beak anomalies.

Exposure of the embryos to light produced the
abnormalities shown in Table 1 and included: high
mortality; delay in development; celosomy; auricular
dilation, hepatomegaly and micrognatia.

In the light-exposed embryos and in controls, the
epithelium forming the pineal follicles could be
divided into two layers: one around the central lumen
with nuclei located towards the basal zone and a
second peripheric one surrounded by the basal lamina
(Fig. 2). Boya and Zamorano (1975) call these two
layers follicular and parafollicular respectively.

Two main cellular types were found in the
follicular layer: one with a large nuclei and lax
chromatin with one or two nucleoli; and the other with
the nuclei located more deeply than in the previous
type and a dense chromatin. The first type showed
cellular  prolongations towards the basal lamina
containing few vesicles and dense bodies. The
supranuclear cytoplasm was rich in ribosomes, rough
endoplasmic reticulum, and mitochondria, and showed
a well-developed Golgi system. In the apical portion,
this cellular type projected a dilation or «drumstick»
to the central lumen of the follicle (Fig. 3). This
projection contained ribosomes, mitochondria and a
pair of diplosomes that formed the basal portion of a
ciliar projection. The neck of the drumstick was rich in
microtubules and at this level there were mechanisms
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of union with the neighbouring cells (Fig. 3).

In the second type, the cytoplasm was also
projected towards the basal lamina. The supranuclear
cytoplasm contained fewer organelles than that of the
previous cellular type and a more dense hyaloplasm.
The luminar portion showed many projections of small
size as in the ependymal cells (Fig. 3).

In both cellular types lipid droplets were present
(Fig. 4a). In the first type, they were located in the
supranuclear cytoplasm and showed a laminar aspect.
In the second type, the lipid droplets were also found
in a supranuclear position, but they were never located
so close to the central lumen as in the first type. In
both cellular types the size and number of lipid
droplets had increased (Table 2) and, in some cases,
they occupied the whole drumstick (Fig. 4b). The
histograms (Table 2) show that the lipid droplet
diameter increased from an average of 1 pum in
controls to 2.5 um in those incubated with light.

The parafollicular layer of the follicular epithelium
was formed by cells similar to those found in the
follicular layer, but the cell shape was rounder. The

Fig. 3. Follicular lumen of a pineal gland of an 18-day embryo
exposed and incubated in light. (L) Lipid droplet. (C) Ciliar
projection. (D) Cellular dilation or «drumstick». (d) Cytoplasmic
projections of small size. (M) Mitochondria.

Figs. (4 a,b). Pineal follicles of a pineal gland of an 18-day embryo
exposed and incubated in light. The size and number of lipid
droplets (arrows) are increased filling, in some cases, the cellular
dilations or «drumstick» projected to the lumen.
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Table 1. Percentages of embryos showing various abnormalities
after exposure or exposure and incubation in light.

Group 1 induced by exposure

incubated Controls
in light

Spina bifida 3 1
Macrognatia 3 0
Mesencephalic anomaly 4 0
Microphthalmia 7 1
Unilateral anophthalmia 3 0
Beak anomaly 6 0
Group 2 mainly induced by light

Mortality 95 20
Delay in development 83 19
Celosomy 28 1
Auricular dilation 26 0
Hepatomegaly 28 0
Micrognatia AR 0

number and size of the lipid droplets had also
increased as happened in the follicular layer, showing
the same laminar and non laminar aspect.

Nerve fibres in the pineal gland of 18-day embryos
were not found in either control or light-exposed
embryos.

Discussion

The influence of the pineal gland in the control of
the daily rhythms is of considerable importance in
birds pointing out the possibility of being the site of a
biological clock (Binkley et al., 1977a,b, 1978a,b). In
pinealectomized sparrows, the grafting of a pineal
gland can restore the lost rhythms (Zimerman and
Menaker, 1975). In mammals, on the other hand, the
suprachiasmatic region seems to act as a timekeeper
(Ralph et al., 1990).

Intracytoplasmic lipid droplets have already been
reported by Collin (1969), Boya and Zamorano (1975)
and Calvo and Boya (1979) in the chick pinealocytes
both before and after hatching. But in the present
work, it has been found that the number and size of
these lipid droplets increases when the embryos are
exposed and incubated in continuous light (Table 2).
Similar results have been found in adults by Thillard
(1968), who observed an increase in the amount of
sudanophilic material in cells forming follicles in
constant light and no change in constant darkness in
adults. McFarland et al. (1969) found that the pineal
cells decreased in volume, had fewer cytoplasmic lipid
granules and showed a complete loss of the interlobular
sudanophilic material in light-deprived chickens. By
contrast, Milcou and Postelnicou (1964) reported a
decrease in size of the intrinsic pineal cells and a
diminution of the number of mitochondria induced by
exposure to continuous illumination.

Simply exposing early embryos through a window
appears to have significant teratogenic effects (Ancel,
1956) that decrease according to the time of

incubation. So, Petite et al. (1990) found that just
opening the shell of eggs before incubation resulted in
91% mortality, whereas the mortality dropped to 64%
when the shell was opened at stage 4 and 24% at
stages 8-10 (Aige-Gil and Simkiss, 1991).

There is a difference between the teratogenic
effects found in the embryos incubated in light and the
embryos incubated in darkness, showing that the light

induces high mortality, delay in development,
celosomy, auricular dilation, hepatomegaly and
micrognatia.

In 28% of the embryos incubated in continuous
illumination celosomy was detected. The diaph-
anization of the affected embryos showed either a
failure in the closure of the sternal plates or a
misplaced sternum with the ribs moved craneally.
Moreover, the fact that all the celosomic embryos
showed hepatomegaly suggests the possibility that
celosomy could have been secondary to hepatomegaly.

According to Harrison (1951) and Murillo-Ferrol
(1985) there is a natural predisposition in the chick
embryo to the left microphthalmia. In the present
paper, 1% of the control embryos were affected
whereas the percentage went up to 7% in the embryos
incubated with light. The cause of this anomaly is
unknown but, as with the rest of the abnormalities, it
may be light-induced.

Garwood et al. (1973) and Walter and Voitle
(1973) found an increase in hatchability and body
weight when the chicken eggs were incubated in
light. However, Tamimie (1967) reported delay in
development, low body weight at hatching, anomalies
in limbs, eyes and jaw. In the present paper, delay
in development was also found among other
abnormalities reported previously (Table 1). However,
in this experiment, the embryos were exposed and
incubated under constrant white illumination using
the same intensity (100 watt) as employed by these
earlier authors.

In conclusion, the present study demonstrates that
light induces teratological effects when the chick
embryos are exposed through a window in the egg
shell and that the pineal gland of the chick embryo is
sensible to light in ovo, showing an increase in number
and size of the cytoplasmic lipid droplets in the cells
forming the pineal follicles. This fact needs further
studies in order to prove whether this increase is a
consequence of an advanced differentiation and
development of the pineal gland.
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