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AR TI CLE

OBJECTIVES. Relatively few ultrastructural studies of the pineal gland
of aging animals have been published. The pineal gland of the gerbil is
especially interesting in respect to aging because of its progressive calcification with age, and this species has been considered as an excellent
model for research on aging. Therefore, the aim of the present study was
to examine the quantitative ultrastructure of pinealocytes of the gerbil in
three different age groups.
METHODS. Three groups of animals were included in the study:
1-month-old, 3-month-old, and 14-month-old. Cross-sectional areas of the
pinealocyte and its nucleus and relative volumes of the following cell
organelles: mitochondria, lysosomes, Golgi apparatus, granular endoplasmic reticulum and calcareous concretions as well as the number of densecore vesicles and “synaptic” ribbons were analyzed.
RESULTS. No age-dependent changes were observed in the size of pinealocytes and their nuclei. The relative volume of mitochondria and the
number of dense-core vesicles increased progressively with age, and that
of lysosomes was lowest in the 1-month-old animals and increased at age
of 3 and 14 months, whereas a decrease in the relative volume of granular endoplasmic reticulum was observed in 3- and 14-month-old gerbils
in comparison with 1-month-old animals. No difference was observed in
relative volume of Golgi apparatus and in the number of “synaptic” ribbons. The most striking change was observed in the formation of calcareous concretion within the pineal with age. The pineal gland of 1-monthold gerbils was essentially devoid of these structures, their number and
size in 3-month-old animals were moderate, and increased dramatically in
14-month-old animals.
CONCLUSION. The ultrastructural features of the gerbil pinealocyte in
all examined age groups point to high metabolic activity of these cells.
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Introduction
Decline in pineal melatonin secretion with age
has been proven in many studies in different species,
including humans [1]. This has been also shown in
such rodents as hamster [2, 3] and rat [4, 5]. However, relatively few ultrastructural studies of the pineal gland of aging animals have been published. The
pineal gland of the gerbil is especially interesting in
respect to aging because of its progressive calcification with age [6], and this species has been considered as an excellent model for research on aging [7].
Therefore, the aim of the present study was to examine the quantitative ultrastructure of pinealocytes of
the gerbil in three different age groups.
Material and Methods
Twelve male gerbils of three different age groups
(1-, 3- and 14-month-old; 4 animals per each group)
housed in a room with controlled illumination (LD
12:12; light on at 06:00h) and temperature (22±2°C)
were used in the experiment. Standard laboratory
food and tap water were available ad libitum. The
animals were killed by decapitation between 09:00h
and 10:00h. The pineal glands were removed immediately after decapitation and immersion-fixed in
3.5% glutaraldehyde in 0.1 M cacodylate buffer, postfixed in 1% osmium tetroxide, and embedded in
Epon. Thin sections were stained with uranyl acetate and lead citrate, and examined under a JEM
100B electron microscope.
For quantitative estimation 10 micrographs at
magnification of x 3,000, and 30 micrographs at magnification of x 10,000 were taken from each gland
using slightly modified systematic random sampling
method [8]. Every upper right corner of the grid aperture in which pinealocytes were present was photo-

graphed. Altogether, 480 prints were used for quantitative study. A digital analyzer connected on-line to
an IBM-PC computer (Logitex, Poland) was used to
obtain the morphometric data. For estimation of the
cross-sectional areas of pinealocyte and its nucleus
the prints were enlarged photographically to x 7,500,
whereas for estimation of the relative volume of cell
organelles the prints were enlarged photographically
to x 25,000. The relative volume of the following
cytoplasmic organelles was analyzed: mitochondria,
lysosomes, Golgi apparatus and granular endoplasmic
reticulum. In addition, numerical density of densecore vesicles (expressed as number per 50 µm2) was
estimated. The relative volume of calcareous deposits was estimated after analyzing of the pineal gland
sections covering 10 grid apertures (20,250 µm2). For
the quantification of “synaptic” ribbons (expressed
overlying
as number per 20,000 µm2) the tissue
10 grid apertures, each measuring 45 x 45 µm2, was
scanned at x 15,000.
Statistical analysis of the data was performed
using ANOVA and LSD (least significant difference)
method according to Statgraphic plus V4 computer
program. Additionally, the lineal correlation coefficient was determined.
Results
Generally, the ultrastructure of gerbil pinealocytes resembles that of other rodents. The details
of the ultrastructure of the gerbil pinealocytes, predominant cell element in the pineal gland of this species, have been described by Welsh and Reiter [9] and
will not be repeated here.
No age-dependent differences were found in the
cross-sectional areas of the pinealocyte and its nucleus
(Fig. 1) and in the relative volume of Golgi apparatus (Fig. 2) as well as in the number of “synaptic”

Fig. 1. Cross-sectional areas of the pinealocyte and its nucleus in 1-, 3- and 14-month-old gerbils.
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Fig. 2. The relative volumes
of mitochondria (MIT), lysosomes
(LYS), granular endoplasmic reticulum (GER), Golgi apparatus (GA)
and calcareous concretions (CC) in
1-, 3- and 14-month-old gerbils.

ribbons (Fig. 3). The relative volume of mitochondria (Fig. 2) and the number of dense-core vesicles
(Fig. 3) increased progressively with age, and the
relative volume of lysosomes was lowest in the
1-month-old animals and increased at age of 3 and 14
months, whereas a decrease in the relative volume
of granular endoplasmic reticulum was observed
in 3- and 14-month-old gerbils in comparison with

1-month-old animals (Fig. 2). The most conspicuous
observation concerns calcareous concretions. The
pin-eal gland of 1-month-old gerbils is essentially
devoid of these structures, and their relative volume
increased significantly in 3-month-old, and especially in 14-month-old animals (Fig. 2). The increase
between 3rd and 14th months of age was due to
increased number of concretions as well as their
size.

Fig. 3. The numerical density of dense-core vesicles (DCV) and “synaptic” ribbons (SR) in 1-, 3-, and 14-month-old gerbils.
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Fig. 4. Correlation between age and
the relative volumes of mitochondria
(MIT), granular endoplasmic reticulum
(GER), calcareous concretions (CC),
and the number of dense-core vesicles
(DCV).

There was positive correlation between age and
relative volumes of mitochondia and calcareous concretions, and number of dense-core vesicles, and negative correlation between age and relative volume of
granular endoplasmic reticulum (Fig. 4).
Discussion
The ultrastructural studies on the changes in pinealocytes during aging are very rare. The most commonly studied species in this respect is the rat. However, even in this species there are no quantitative,
morphometric data. In a qualitative study Johnson
[10] reported increases in rat pinealocyte dense-core
vesicles, nuclear inclusions, and dense bodies similar
in appearance to lipofuscin deposits as well as in deep
nuclear invaginations in old animals. The presence of
abundant dense (lipofuscin) bodies in aged rat pinealocytes has been also observed by Allen et al. [11].
Age-associated increase in dense bodies containing
acid phosphatase has been observed in the rat pinealocytes [12]. Also Karasek [13] reported increased
number of lysosomes and lipid droplets in 12-monthold rat in comparison with 21-day-old animals.
Quantitative comparison of pinealocyte ultrastructure in 3-month-old and 28-month-old whitefooted mice revealed decreases in the area of the
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Golgi apparatus and in the number of dense-core
vesicles in old animals, with no differences in the
areas of mitochondria, granular endoplasmic reticulum and lysosomes. No apparent changes between
both age groups have been observed also in pinealocyte nuclear or cytoplasmic areas [14].
It should be stressed that gerbil is a rodent with
relatively long lifespan, with maximum survival of
about 50 months [15], and reproductively competent
even until after 2 years [16]. It has been shown
that plasma LH and prolactin levels in this species
were similar in three different age groups (3–4-,
11–13- and 20–25-month-old), and FSH concentrations tended to increase with age [17]. Therefore, only our first studied group (1-month-old) was
immature, and the remaining two groups were sexually active.
The observed ultrastructural features of pinealocytes indicate high metabolic activity of these cells in
all studied groups. The relative volume of mitochondria and number of dense-core vesicles increased
with age. The relative volume of lysosomes was
higher in older animals, similarly to increase in
these organelles observed in the rat [11–13]. The
relative volume of Golgi apparatus remained stable,
whereas granular endoplasmic reticulum was the
only studied cell organelle where relative volume
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decreased with age.
Our results are in agreement with similar diurnal
melatonin secretion patterns in 2- and 15-month-old
gerbils [18], indicating similar pineal activity in both
age groups.
The most striking change was observed in the formation of calcareous concretion within the pineal.
The pineal gland of immature gerbils was essentially
devoid of these structures, their number and size in
3-month-old animals was moderate, and increased
dramatically in 14-month-old animals.
The presence of calcareous concretions (corpora
arenacea, acervuli, brain sand) in the human pineal
gland has been well known for a long time [19, 20].
However, concretions have also been found in the
pineal of other mammalian species, including ox,
sheep, donkey and horse [19], cow [21, 22], rhesus
monkey [21, 23], baboon [24], pig [25, 26], and also
in common laboratory animals: rat [11, 23, 27, 28],
in white guinea pig [29], and especially abundantly
in gerbil [6, 9, 30–32]. Human and gerbil acervuli
are composed of hydroxyapatite or carbonate apatite
with traces of strontium and other oligoelements,
and their matrix consists of glycoproteins and proteoglycans of unknown nature [32]. The results of
our study are in agreement with general observations that the pineal concretions are absent at
birth and increase progressively with age [6, 33].
Although several observations have been made concerning the number of calcareous concretions in the
gerbil pinealocytes under various experimental conditions [34–37], especially when pineal sympathetic
innervation is manipulated, the functional meaning
of the concretions is still unclear. It seems probable,
however, that concretions should not be correlated
with atrophic processes in the pineal gland but could
be somehow related to pineal secretory processes
[21, 38] or may represent traces of the histophysiological history of the pineal gland and be indicative
of the intensity of secretory processes [39].
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