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OBJECTIVES: The characteristic feature of the pig pinealocytes is the
presence of numerous membrane bounded bodies (MBB), which according to our previous results may be involved in the secretory activity. The
present study was undertaken to analyze the effect of continuous darkness and illumination on the ultrastructure of the pig pinealocytes.
MATERIAL AND METHODS: The study was performed on three groups
of gilts. The first group (control) was kept under a cycle of 14 hrs light
(500 lx) and 10 hrs dark per day. The second group was exposed to continuous illumination (500 lx). The third group was kept under red light
with intensity less than 1 lx, which was considered as darkness. The pigs
were kept for 14 days under above reported conditions and then slaughtered at 08:00. The point count analysis was used in quantitative studies
of pinealocyte substructures.
RESULTS: The exposition of pigs to continuous illumination resulted in
the decrease in the relative volume of mitochondria and in the numerical
density of multivesicular bodies as well as in the increase in the relative
volume of MBB in pinealocyte cell bodies. The exposition to continuous
darkness led to the increase in the relative volume of mitochondria and
the numerical density of dense core vesicles as well as induced some
changes in smooth endoplasmic reticulum in pinealocyte cell bodies.
CONCLUSIONS: The obtained results point to mitochondria, MBB, multivesicular bodies, dense core vesicles and smooth endoplasmic reticulum
as the structures of the pig pinealocyte, which are controlled by environmental light conditions.
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Introduction
Despite a relatively long history of morphological
studies of the pineal gland, cytological aspects of the
secretory processes occurring in the mammalian pinealocytes are still poorly known [1, 2, 3, 4, 5, 6]. Up
until now, the processes of melatonin synthesis and
secretion were not arbitrarily localized in subcellular
structures of the pinealocyte. However, it is generally believed that melatonin secretion is not related
to any form of membrane bounded secretory granules. On the basis of ultrastructural observations two
processes, considered as secretory, were found in the
mammalian pinealocytes [1, 3, 4, 6]. The first one,
called neurosecretory-like, is characterized by formation of dense core vesicles by a Golgi apparatus. The
second process is ependymal-like and involves the formation of vacuoles containing flocculent material by
granular endoplasmic reticulum. Both processes are
probably involved in the synthesis and release of proteinaceous compounds. Apart from the above mentioned two morphologically defined secretory processes, other cytoplasmic structures of pinealocytes,
such as various forms of dense bodies and lipid droplets, were also considered as being involved in the
secretory processes [1, 3, 6].
The pinealocytes of the domestic pig are distinguished by the presence of numerous electron dense
bodies, called membrane bounded bodies—MBB [7,
8]. The relative volume of MBB in the pinealocyte cell
bodies ranges from 8% to 16% of the whole cytoplasm.
MBB are also numerous in the wild boar and in
the miniature pig pineal glands [9]. On the basis of
their morphology, membrane bounded bodies were
divided into two main types: MBB-1 and MBB-2.
Dense bodies of MBB-1 type have variable inner
structure and are present both in perikaryon and processes of the pinealocyte. Dense bodies of MBB-2 type
are characterized by regular, multilammellar structure and their presence is restricted to pinealocyte
perikaryon. The structure and the relative volume of
MBB change in various physiological conditions and
are also affected by experimental procedures [8, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19]. Although the processes of formation and transformation of MBB step
by step as well as the detailed chemical composition
of MBB remain unknown, the current state of knowledge suggests that MBB may play an important role
in the biology of the pig pinealocyte.
Since light is the most important environmental
factor regulating the activity of the pineal gland, the
present study was undertaken to analyze the effect of
continuous darkness and continuous illumination on
the ultrastructure of the pig pinealocytes.
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Material and methods
The female crossbred pigs, aged 95±4 days, were
purchased in April (length of day ca 14.5 hrs) from
a commercial farm, where they were kept under natural photoperiod. Animals were divided into three
groups, which were kept in separated rooms. After
seven days of the adaptation period the left jugular
veins were cannulated for blood sampling (for details
see part I) and then the gilts were kept under conditions of controlled artificial illumination. The first
group (control) was exposed to a cycle of 14 hrs of light
(500 lx on the level of animal eyes, provided by fluorescent tubes) and 10 hrs of darkness per day. The
second group was kept under red light with intensity
less than 1 lx and these conditions were considered as
darkness. The third group was exposed to continuous
illumination (500 lx of fluorescent light on the level of
animal eyes). After two weeks the pigs were slaughtered at 08:00 (the group kept in continuous darkness
under dim red light with intensity below 1 lx) and the
pineal glands were removed no later than 3 min
after the heart stopped beating. Handling of animals
was performed in agreement with “Principles of laboratory animal care” (NIH publication No. 86–23,
revised 1985) and Polish law on the protection of animals.
Pineals were cut into several parts, immersion
o
fixed (2hrs, 4 C) in a mixture of 1% paraformaldehyde
and 2.5% glutaraldehyde in 0.2M phosphate buffer
(pH 7.4), washed, postfixed in 2% osmium tetroxide
and embedded in Epon 812. Four blocks from each
animal were selected at random for sectioning. Ultrathin sections, stained with uranyl acetate and lead
citrate, were examined by transmission electron
microscope. Ten micrographs at a magnification of
x 8,000, were taken from each block (i.e. 40 micrographs per animal) using systematic random sampling, photographically enlarged to x 20,000 and used
for quantitative study. Point count analysis [20] was
employed to estimate the relative volume (expressed
as the percent of the cytoplasm of the pinealocyte cell
body) of the following cell components: mitochondria
(MIT), Golgi apparatus (GA), granular endoplasmic
reticulum (GER), lysosomes (LYS), dense bodies type
MBB-1 and MBB-2. The numerical density (expressed
2
as the number per 500µm of the cytoplasm surface of
the pinealocyte cell body) of dense core vesicles (DCV)
and multivesicular bodies (MB) were also estimated.
The results were analyzed using one-way analysis
of variance followed by a Student-Newman-Keuls
test. Value p ≤ 0.05 was considered as significant.
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kept under continuous darkness than in two other
investigated groups of animals (Fig. 5).

Qualitative study
Discussion
Ultrastructure of the pineal gland in the pigs kept
under 14 hrs light:10 hrs dark cycle was similar to
the previously described in gilts of the same age [8,
11, 21]. The pinealocyte cell bodies contained various
forms of dense bodies (Fig. 1). The endings of pinealocyte processes were filled with dense bodies with
granular electron dense content (Fig. 2). Diameter of
dense bodies in pinealocyte perikarya and processes
varied from 0.5µm to 1.5µm.
Qualitative studies did not reveal prominent differences in the ultrastructure of the pineal gland
between the control pigs and the pigs exposed to
continuous darkness and to continuous illumination
(Figs. 1, 3, 4). The pinealocytes of the gilts kept under
continuous darkness were distinguished by the presence of numerous wide cisterns of endoplasmic reticulum, especially their smooth form (Fig. 3). A characteristic feature of the pinealocytes of pigs exposed
to continuous illumination was the presence of very
numerous dense bodies (Fig. 4).
Quantitative study
The relative volume of MIT in the cytoplasm of the
pinealocyte cell bodies was significantly higher in the
group of pigs kept under continuous darkness than in
the control animals and the gilts exposed to continuous illumination (Fig. 5). The relative volume of MIT
was also significantly higher in the control animals
than in the pigs exposed to continuous illumination.
The differences in the relative volume of GER, GA
and LYS in the cytoplasm of pinealocyte cell bodies
were not significant (Fig. 5).
The total relative volume of MBB in the cytoplasm of the pinealocyte cell bodies was higher in the
pigs kept under continuous illumination than in the
control pigs and the pigs exposed to continuous darkness (Fig. 5). The relative volume of dense bodies
type MBB-1 in the cytoplasm of the pinealocyte
cell bodies was also significantly higher in the gilts
exposed to continuous illumination than in two
other investigated groups of pigs (Fig. 5). No significant differences were noted in the relative volume of
MBB-2.
Numerical density of MB in the pinealocyte cell
bodies was significantly lower in the pigs exposed
to continuous illumination than in the animals kept
under light-dark cycle and in continuous darkness
(Fig. 5). The numerical density of DCV in the pinealocyte cell bodies was significantly higher in the pigs

The study of the plasma melatonin concentration
(see part I—this issue) revealed the presence of significant rise in the level of this pineal hormone between
22:00 and 06:00 in the pigs kept under light-dark
cycle as well as between 18:00 and 08:00 in the pigs
exposed to continuous darkness. In contrast, no significant circadian changes in the plasma melatonin
level were observed in the gilts kept under continuous
illumination. However, the differences between the
three investigated groups in the mean plasma melatonin level were not significant during the entire sampling period. The mean area under the curve of the
plasma melatonin profiles in the pigs exposed to continuous darkness was 105.8% and in the pigs exposed
to continuous illumination - 85.9% of the value in the
control animals kept under light-dark cycle, but these
values did not differ significantly.
The investigations performed in several mammalian species have shown that the exposition to continuous darkness and illumination results in numerous modifications of the pinealocyte ultrastructure
including the changes in MIT, endoplasmic reticulum, ribosomes, GA and DCV [1, 2, 4, 6, 22, 23, 24, 25].
Generally, the exposure to continuous illumination
caused more prominent changes in the pinealocytes
than conditions of continuous darkness, probably due
to light-induced reduction in the amount of norepinephrine released from sympathetic nerve terminals
in the pineal gland.
The present ultrastructural examinations have
shown that the exposition of the pigs to continuous
illumination for 14 days resulted in the decrease in
the relative volume of MIT and the numerical density
of MB well as in the increase in the relative volume
of MBB in the pinealocyte cell bodies. On the other
hand, the expososure to continuous darkness led to
the increase in the relative volume of MIT and the
numerical density of DCV as well as induced some
changes in smooth endoplasmic reticulum in the pinealocyte cell bodies.
The opposite changes in the relative volume of
MIT caused by the exposition to continuous darkness
and illumination suggest that biochemical processes
occurring in MIT of the pig pinealocytes are modified
by the environmental light conditions. Our results are
in agreement with those obtained in the rat, in which
the changes in the number and structure of MIT were
observed following the light deprivation as well as the
exposure to continuous darkness [22]. In the previous
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Fig. 1. Part of the pinealocyte cell body in the pineal gland of
the pig kept under light-dark cycle. Dense bodies type MBB-1
—arrows, dense bodies type MBB-2—arrow head. x 20,000

Fig. 3. Part of the pinealocyte cell body in the
pineal gland of the pig kept under continuous darkness.
x 20,000

Fig. 2. Part of the ending of the pinealocyte process in the
pineal gland of the pig kept under light-dark cycle. x 20,000

Fig. 4. Part of the pinealocyte cell body in the pineal
gland of the pig kept under continuous illumination.
x 20,000
Fig. 5. The mean (±SEM) relative volume of MIT, GER,
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GA, LYS, MBB (all forms), MBB-1 and MBB-2 as well as numerical density of MB and DCV in the
pinealocyte cell bodies of the pigs kept under light-dark cycle (LD), continuous darkness (DD) and
continuous illumination (LL). The values signed with different letters are significantly different
from each other at p ≤ 0.05.

study the administration of sympathicolytic and sympathicomimetic drugs to female pigs did not result
in significant changes in the relative volume of MIT
in the pinealocytes [11]. In gilts kept under 12 hrs
light:12 hrs dark cycle, the relative volume of MIT
was significantly higher in the pigs slaughtered at
14:00 than at 02:00 [21].
Special attention should be paid to the effect
of the deprivation of light-dark cycle on the dense
bodies of type MBB, the characteristic structures of
the pig pinealocytes. Exposition of the domestic pigs
to continuous illumination with intensity of 500 lx
during 14 days resulted in the significantly higher

relative volumes of MBB and its form—MBB-1 in the
cytoplasm of the pinealocyte cell body than in two
other investigated groups. Opposite changes, but
not significant versus control group, were observed
after two-week-long light deprivation. The obtained
results provide strong evidence that the conditions
of the environmental lighting influence the process
of formation and/or transformation of MBB. The
effect of light on MBB is probably mediated by the
sympathetic innervation, a main route controlling
the circadian rhythmicity of the function of the
mammalian pineal gland. In our previous study an
increase in the relative volume of MBB was noted
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after administration of sympathicolytic drugs (propranolol, α-methyl-p-tyrosine) and a decrease after
treatment with clorgyline, a monoamine oxidase
inhibitor [11]. The dependence on the environmental light conditions and the regulation by sympathetic innervation suggest the existence of some similarities in the mechanisms regulating the melatonin
secretion and the system of MBB. However, the relative volume of MBB did not show significant diurnal
rhythm in the pigs kept under 12 hrs light:12 hrs
dark cycle [21].
Our previous study has shown that the system of
MBB undergoes significant qualitative and quantitative changes during development [8] as well as in various stages of reproductive activity [10]. The influence
of the reproductive system on MBB was confirmed by
several experiments, which show the changes in MBB
after ovariectomy [16], administration of ovarian steroids to normal [15, 17] and ovariectomized pigs [14]
as well as after treatment with prolactin [12, 13].
It was also demonstrated that the administration of
melatonin resulted in the significant changes in MBB
[18, 19]. The effect of melatonin on MBB was dependent on the time of administration and duration of
treatment [19, 26].
The changes in the structure and the relative
volume of MBB in response to the experimental procedures as well as their numerous presence in the
pinealocytes, the differences in the structure of MBB
located in cell body and processes, and the exocytosis
of MBB from endings of cell processes [27] suggest
that MBB may be involved in secretory processes of
the pig pinealocytes. The present results showing
the effect of continuous illumination and darkness
strongly support this hypothesis, but further studies
on biogenesis and transformations of MBB as well as
on chemical composition of MBB are necessary for
the definitive explanation of the role of MBB.
In the present study the exposition to continuous
illumination led to significant decrease in the numerical density of MB in the pinealocyte cell bodies. These
results are in agreement with previous observations
showing decrease in the numerical density of MB
in the pinealocytes of gilts treated with α-methyl-ptyrosine [11] as well as negative correlation between
the relative volume of MBB and numerical density of
MB in the pig pinealocytes [unpublished].
The obtained results demonstrated the significant differences in the numerical density of DCV
in the pinealocyte cell bodies between the pigs kept
under continuous darkness and two other investigated groups. The changes in the number of DCV
in cell bodies and/or processes of pinealocytes were
described during diurnal light-dark cycle [28, 29, 30,
31] as well as following sympathectomy [23, 30, 32,
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33], blinding [33, 34], exposition to continuous darkness and illumination [23, 24, 25] in several laboratory rodents. The sympathetic control of DCV
number in rodent pinealocytes was also confirmed by
the results of the in vitro studies [35, 36, 37]. Our
previous experiment has demonstrated the opposite
changes in the numerical density of DCV in pinealocyte cell bodies of the pig after treatment with clorgyline (increase) and α-methyl-p-tyrosine (decrease),
which suggest adrenergic control of the number of
DCV in the pig pinealocytes [11]. However, the studies of the ultrastructure of the pig pinealocytes during
scotophase and photophase of diurnal rhythm did not
show significant differences in the numerical density
of DCV [21].
The pinealocytes of the pigs exposed to continuous darkness were characterized by the presence of
wide cisterns of the smooth endoplasmic reticulum.
Several changes in the smooth endoplasmic reticulum of the mammalian pinealocytes were observed
in response to experimental factors including deprivation of light-dark cycle [1, 2, 3, 6, 23]. However, the
interpretation of the changes in the smooth endoplasmic reticulum may be only very speculative due
to variability of the functions of this cell component
and difficulties in its quantitative, morphometrical
analysis.
In summary, the obtained results point to mitochondria, membrane bounded dense bodies, multivesicular bodies, dense core vesicles and smooth endoplasmic reticulum as the structures of the pig pinealocyte, which are controlled by environmental light
conditions.
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