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Circadian and seasonal variations in pineal gland
intercellular canaliculi in the white rat

F. Martinez Soriano, C. Cimas Garcia and A. Ruiz Torner
Morphological Sciences Department, Valencia University, Valencia, Spain

Summary. Seventy Wistar rats are used to study the
changes in pineal intercellular canaliculi over a 21-hour
period and for two different photoperiods (pre-autumn,
first week of September, and winter, first week of
February). The study considers these changes at pineal
body, cortical and medullar level separately, and
compares the values obtained. The results show
variations in canalicular surface at different point times
(10:00, 14:00, 18:00) and for both photoperiods.

The variations are found to favour the cortical layer,
and are also observed between nocturnal and diurnal
hours. Canalicular surface to greater during the diurnal
hours of both photoperiods.

Interesting histological findings are described that
suggest an important function of the intercellular
canaliculi in pineal gland metabolic exchange.
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Introduction

The perivascular space of the rat pineal gland is of
great importance in the exchange between pineal
parenchyma and the capillaries. Morphologically there
are well defined zones (for revision see Vollrath, 1981)
where variable numbers of pinalocytic processes pass
over the discontinuous outer basal lamina (Gusek and
Santoro, 1961; Rodin and Turner, 1966; Arstila and
Rhinne, 1967) depending on the species under study
(Anderson, 1965; Watenberg and Gusek, 1965;
Watenberg, 1968).

While the perivascular spaces of the pineal gland are
morphologically well defined, in most species a number
of them possess extensions situated between the
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pinealocytes and, in the absence of an inner basal lamina,
contact with the cytoplasmic membrane. These
extensions or channels were described in the literature as
«widened intercellular spaces» (Rhodin and Turner,
1966; Arstila and Rinne, 1967; Lues, 1971), «interfacial
lakes» (Wolfe, 1965; Romijn, 1973) «circumluminar
arrays» (Wolfe, 1965) or «intracellular canaliculi» (Quai,
1974; Krstic, 1975, 1979).

The channels are ramified primary, secondary and
tertiary branches with a three-dimensional distribution,
and forming an interglandular labyrinth with frequent
anastomoses (Krstic, 1979). The suggested function of
this intercellular channel system is the release of
pinealocytic substances into the perivascular spaces or
the action of humoral substances of the pinealocytes
(Quay, 1974; Krstic, 1979).

TEM observations are more common than SEM
studies, and with the exception of Wolf’s study (1965)
descriptions are brief. These studies confirm the general
occurrence of these channels in many mammals.

On the other hand, functional variations were
reported by Quay (1974), who observed changes in
channel width depending on the hour of the day; this
suggest a circardian rhythm in channel diameter.

As pineal intercellular channels are presumably of
importance in the relations between pineal tissue and
perivascular space (Martinez Soriano et al., 1984) this
study was made to examine in more detail the normal
ultrastructure of the channels in the superficial pineal
gland of the ultrastructure of the channels in the
superficial pineal gland of the normal adult rat, along
with their relation to pineal tissue. Variation in channel
surface over a 24-hour period at both cortical and
medullar pineal level was also studied for two different
seasonal periods.

Materials and methods

Seventy male Wistar rats (divided into sets of 35
each) weighing 275 + 18 g. were used in the study. All
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were sacrificed (Nembutal 10% intraperitoneally in
groups of five each, every four hours (06:00, 10:00,
14:00, 18:00, 22:00, 02:00, 06:00) and between
September, 11 and 12 (pre-autumn period). The process
was repeated a second time between February
2 and 3 (winter period) 1985.

All animals underwent intracardiac 5% glutaral-
dehyde perfusion following saline cleansing. The
specimes were refixed with osmium tetroxide.
Dehydration followed in graded acetone series
and contrasted with 5% uranyl acetate and embedded in
Epon.

The canalicular surfaces were determined from
photographs fo semithin sections (1 pm) under x 100
magnification and amplified 10 times. Photograph
surface area was 10 cm?.

The procedure employed to calculate surface area
was as follows:

Total photo surface area (TPS) = Photo weight (PW).

Canalicular surface area (CS) = canalicular surface
weight (CSW).

The weight (in g) was calculated by cutting out each
surface and weighing it with a standard balance. This
provided the values of (TPS), (PW) and (CSW), whereby
(CS) was easily calculated. These values were obtained
in cm?, multiplied by 10 (8) and divided by the number of
magnifications; this provided surface area in pm?.

This procedure was employed with four photographs,
each corresponding to a different section per animal, and
including both the central and peripheral zone.

Statistical evaluation of the data obtained was carried
out by applying the Student t-test for continuous
variables and small samples. Data processing was done
with the Statworks and Systat statistical programmes,
supported by a graphis software package on an Apple
McInstosh Plus Computer.
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Results

The results obtained are given in the Diagrams. The
differences between cortical and medullar canalicular
surfaces in both groups were not statistically significative
for either period (Diagram 1). On the other hand, the
differences in surfaces between the nocturnal and diurnal
hours were significative at cortical (p < 0.0001) and
medullar level (p < 0.0005) during the pre-autumn
period (Diagram I). The differences canalicular surface
were also significative during the winter period
(p < 0.0005) (Diagram I).

The comparison between cortical and medullar layers
during the nocturnal and diurnal hours for both
photoperiods is given in Diagram II. There were
significative differences in the nocturnal pre-autumn
(p < 0.0005) and winter period (p < 0.0001) and during
diurnal hours (P < 0.0005) of both periods, always
in favour of the cortical canalicular surfaces.

No significative differences were found between
either cortical or medullar canalicular surfaces in either
period. (Diagram I). Likewise, no significative total
differences were observed between either photoperiods.

On the other hand, the differences between cortical
and medullar canalicular surfaces at each of the point-
times considered were significative at 10:00 (p < 0.0005),
14:00 (p < 0.0001) and 18:00 (p < 0.0005) during the
winter period, and, at the same hours (p < 0.0005) for
the pre-autumn period. In each case, the differences
favoured the cortical surfaces (Diagram III).

No significative differences were found between the
point-time layers of winter and pre-autumn period
(Diagram 1V).

The ultrastructural study of intrapineal channels
revealed a network of large and small prolongations
often found to be continuous with the perivascular

Fig. 1. Panoramic view
of “cortical” channels
x 7,500 (G) Glial cells
(CS) Canalicular space.
(1 and 2) Cytoplasmic
dilatations of the

Glial Cell.
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Fig. 2. Intercellular channels with fibrillar and
granular material (x 17,000) (A) Amorphous
material (F) Fibrilar material (R)

“Synaptic” ribbons.

Fig. 3. Intercellular
channels with
abundant (F) fibrillar
contenst (x 17,000).
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spaces. In the distal or C regions (Vollrath, 1981)
analyzed here, the channels presented large dilations
particularly apparent in the capsular regions. These
channels were frequently surrounded by glial cells
presenting prolongations in close relation to the
canalicular walls (Fig. 2).

A more detailed study of these spaces throughout
the parenchyma showed the presence of an amorphous
and filiform intraluminal material of unknown nature
(Figs. 2, 3). The granulo-fibrillar material appeared

Fig. 4. “Synaptic
“ribbons (R) and
spherules (S) adhered
to pinealocytic
membrane (x 36,000)
(!S) Intercellular space.

to come from cell structures close to the canalicular
margins or within them.

We have observed «synaptic» ribbons along the
pinealocyte membranes delimiting the canalicular walls,
though never within the canalicular spaces (Fig. 4).

Long glial cell prolongations of different types with
dilations and vacuolizations containing granular and
filiform material very similar to that found in the
canalicular spaces have been observed in proximity to
the latter (Fig. 5).
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Fig. 5. “Detail of figure 2. (x 36,000). Vacuolar dilatations of the Glial cells with (F) fibrillar and granular (GA) content.

Discussion

Our observations in relation to the intercellular
channels confirm the circardian rhytmiticity in the
opening and closing of these structures (Quay, 1973,
1974). No global, nor seasonal point-time cortico-
medullar differences are found in channel surface.

However, the nocturnal and diurnal differences at
cortical and medullar level for both groups of animals
were statistically significative.

Likewise, significative differences were observed
between the cortical and medullar levels during the
nocturnal as well as diurnal hours, and for both
periods. (Diagram II). In each case, the larger
canalicular amplitude corresponded to the cortical
zone. This may be explained by the fact that the pineal
vessels hardly penetrated beyond the peripheral zone.

Consequently, if the pineal channels are true
metabolic transport pathways, the greatest variation in
channel surface areas should logically occur in the
region richest in blood vessels.

On the other hand, this function as a metabolic
transport mechanism found in the intercellular pineal
spaces has also been observed in other glands, e.g.
the thyroid gland (Martinez Soriano, 1972) where the
coloid material has access to the perivascular space

Diagram . Cortico-medullar differences

Pre-Autumn Period
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100.
x = 103.800
75. +15.280
x =75.530
50. +5.740
p > 0,002 (n.s.)
Cortical Medullar
(hy) >06(Ms) w >0,9(n.s.)
P \ . Winter period P SR
100.
x = 98.850
75. +17.030
X =75.430
50. +5.370
p > 0,004 (n.s.)
Cortical Medullar
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Diagram Il. Light-Dark relative values

Diagram lll. Circadian evolution of the canalicular surfaces

150+
Pre-Autumn Period 7
100 : . Cort. Pre-Autumn
’ 117 33 i D Med. Pre-Autumn
75. X ;5.83.0 p >0,0001 1004
50.
(w) 50
i Dark h
ighthours |
| (x 000pp)
x > 0,0005 x >0,0005 0+
| 06:00 10:00 14:00 18:00 22:00 02:00
100. I *p > 0.0005 : : * Point-time
x = 80.766 p > 0,0005 =
50. : x = 70.300
+ 0,400 +0.200
(w) 1504
Light hours -Dark hours )
Medullar i . Cort. Winter
- DMed.Win(er
100+
Winter period N
50
100. .
x=113.73 > 0,0005 b
75, +5.600 P (X 000].1}1) s
50. g 3 ) .
06:00 10:00 14:00 18:00 22:00 02:00
(1p) *p > 0.0001 . 2 * Point-time
Light hours Cortical dependent surface variations agree with the suggestion
: : made by Quay (1974) as to their functional role in
p > 0,0005 p > 0,001 pineal metabolism.
! ’ Another interesting aspect is the appearance of
75. fibrillar material within the channels (Gusek and
x=80.330 | p>0,0005 W x=70.530 Santoro, 1961; Wolfe, 1965; Krstic, 1965; Arstila and
50. +0.320 +0.120 Rinne, 1967). A number of authors consider these
- elements to be collagen fibres; though most believe
; their origin to be unknown. We have found this
Light hours Medullar material to be similar to that observed within the

in periods of high glandular activity by means of the
dilations found in the intercellular follicular spaces.

Similar results have also been reported for the
hypophysis following various stimuli (Lloret, 1976;
Escriba and Martinez Soriano, 1976).

Consequently, these variations may well be a
mechanism characteristic of different functional states
of the gland.

In agreement with other authors, we have found
intracanalicular lipids, grannean material, vesicles and
fibrillar elements, as well as signs of secretion of this
material into the canalicular spaces.

These observations and the light- and hour-

neighbouring glial cells (Fig. 2). Moreover, most
of it is situated in areas in which glial elements
predominate.

Recently, a number of authors (Sozo and
Papasomenos, 1983; Highley et al., 1984; Huang et
al., 1984; Zang et al., 1985) have isolated fibrillar
proteins of glial origin in the pineal glands of various
mammals.

All this suggests that these fibrillar elements are
related to the fibrillar proteins of pineal glial. In any
case, there is enough evidence to suggest that there
indeed exist functional differences in the intrapineal
channels, and that these differences occur during the
circadian cycles.

Moreover, channel

these variations in the
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Diagram IV.
150- Point-time layers comparison between both photoperiods

. Cort. Pre-Autumn
D Cort. Winter

Point-time

14:00 18:00 22:00 02:00

Point-time

06:00 10:00

amplitude may be related to the intraglandular
tranport of metabolic material from «medullar» to
«cortical» layer. This, however, is conditioned by an
additional regionalized topographic analysis of the
pineal gland.
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