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SUMMARY

Eighteen cross-bred male cats (26501750 g) were
kept for three weeks with environmental lighting
and under the same feeding (ad libitum) and
temperature conditions (18-22°C). The animals
were sacrificed in the spring in groups of three
at 4 h intervals with the following GMT time
sequence: 06:00, 10:00, 14:00, 18:00, 22:00, and
02:00 hours. During the circadian cycle, signifi-
cant variations were observed in the number of
synaptic ribbons and synaptic spherules in the
pineal glands of the animals, with maximum and
minimum values at 02:00 and 14:00 hours, and at
10:00 and 02:00 hours, respectively. Analysis of
variance (ANOVA) showed these differences to
be statistically significant (F-ratio: 43.513;
p<0.0001 for synaptic ribbons, and F-ratio: 6.0;
p<0.005 for synaptic spherules). The number of
synaptic ribbons was found to be significantly
higher (p<0.0001) at night (67.3%) than in the
daytime (32.6%), while the number of synaptic
spherules was 59.1% and 40.8% in the daytime
and at night, respectively. The polynomial corre-
lation between the evolution of the synaptic rib-
bons and the time point was very positive (R =
0.8). The circadian variations observed in the
intermediate synaptic bodys (ISBS) population
were not significant, either for triangular synap-
tic bodies (TSB) (p<0.07) or for rectangular
synaptic bodies (RSB) (p<0.2). Finally, the total
number of synaptic ribbons observed in the pho-
tophase merged to form “fields” of three or more
elements. These fields were more commonly
observed in pinealocyte prolongations than in
areas close to the nucleus.
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INTRODUCTION

Synaptic ribbons (SR) are ultrastructural organe-
lles found in the prolongations and areas close
to the nucleus of pinealocytes in all mammal
species investigated to date (Vollrath, 1973;
Kurumado and Mori, 1977; Matshusima et al.,
1983; Martinez-Soriano et al., 1984; Struwe and
Vollrath, 1990). The function of these structures
is not known, although under natural conditions
their number varies as a function of different
light- dark phases (Lues, 1971; Vollrath, 1973;
Cimas et al., 1987). In this sense, the lowest
values are observed in the daytime while the
highest number are found at night. The number
of synaptic ribbons also varies according to the
experimental conditions (Vollrath and Howe,
1976; Karasek, 1976; Kurumado and Mori, 1980;
King and Dougherty, 1982). These organelles are
related to the adrenergic innervation of the
pineal gland (Romijn, 1975; King and Dougherty,
1982; Karasek et al., 1983; Gonzalez and Alvarez-
Uria, 19806) and to its indol and amine regulation
mechanisms (Mc Nulty and Fox, 1992).

Spherical bodies (SS), with a dense matrix
and surrounded by clear vesicles, have also been
detected in a number of species, although their
pattern of circadian variation is reported to vary
considerably from one spécies to another (Voll-
rath, 1981; Martinez-Soriano et al., 1984, 1999;
Khaledpour and Vollrath, 1987; Karasek and
Vollrath, 1989).
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Other forms, known as intermediate structu-
res (ISB), are ovoid (OSB), rectangular (RSB)
and, trapezoidal or kidney-shaped, and have
been described in the hamster (Matshusima et
al., 1983), rabbit (Martinez-Soriano et al., 1984,
1999), guinea-pig (Khaledpour and Vollrath,
1987), cow, sheep and pig (Struwe and Vollrath,
1990). They are present in fewer numbers than
the synaptic ribbons, but exhibit a similar circa-
dian evolution.

To date, we are unaware of any study in
which the characteristics and circadian evolution
of synaptic bodies has been investigated in the
pineal gland of the cat. The aim of the present
study was to examine the circadian evolution of
the number of synaptic bodies in this animal
model, contrasting the observed analogies and
differences with respect to other species.

MATERIALS AND METHODS

Fighteen cross-bred male cats weighing 2650 +
650 g were used. The animals were kept for
three weeks under environmental lighting and
under the same feeding (standard artificial diet
and tap water ad libitum) and temperature con-
ditions (18-22°C). The animals were sacrificed
between May 5 and 6, by intraperitoneal injec-
tion of sodium thiopental (40 mg/kg) in groups
of three at 4-hour intervals with the following
GMT time sequence: 06:00, 10:00, 14:00, 18:00,
22:00 and 02:00 hours.

All animals were subjected to intracardiac 5%
glutaraldehyde perfusion after saline cleansing.
Once removed, the pineal glands were post-
fixed in osmium tetra- oxide and dehydrated in
a graded acetone series. The pieces were then
contrasted with uranyl acetate and embedded in
Epon. Samples were placed on 65 x 65 Fm grids
and contrasted with lead citrate according to
Reynold's (1963) method.

The number of synaptic bodies was calcula-
ted by counting those observed in 8 grid squares
(33,800 um?). This procedure was carried out
once for each animal under 12,000x magnifica-
tion. The results are given as total numbers and
mean per 20,000 pm?

Statistical analysis of the data involved a prior
descriptive study. Comparative analysis of the
variables was performed by contrast and signifi-
cance testing, accepting an error of (<0.05. Since
the variables were continuous and quantitative,
paired comparisons were made with a measure-
ments comparison test. For this, the Student t-test
was chosen in view of its reliability. Analysis of
variance (ANOVA) was used to compare more
than two variables simultaneously. The relations-
hips between certain variables were studied by
applying classical correlation techniques. Deter-
mination of the true degree of relationship bet-
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ween the variables selected was performed with
the Pearson correlation test. Calculations were
made with the StatWorks program, supported by
the Cricket Graph II package, on an Apple
Macintosh SIIi microcomputer.

REsuULTS

The presence of synaptic-like bodies in the cat
was similar to that described for other species, at
least in spring, and was represented by ribbons,
spheres and intermediate bodies. Regarding the
latter, however, we only observed scarce popu-
lations with a triangular and rectangular shape.
The whole of this heterogeneous population was
observed as isolated bodies (Figs. 1, 2 and 3),
bodies in pairs (Fig. 4), or bodies grouped as
“fields” of more than two elements (Fig. 5) The
ribbon forms were always the most abundant
presentation and the intermediate forms the
most limited.

The bodies were located either deep inside
the cytoplasm or, mostly, in zones close to the
membrane.

A total of 1052 synaptic bodies (SB) was
counted, of which 80.6% (848) corresponded to
synaptic ribbon, (SR) 13.9% (147) to spheres,(8S)
and only 5.4% (57) to intermediate forms. In
turn, of these 2.2% (24) were triangular (TSB)
and 3.1% (33) rectangular (RSB) (Table 1).

Of the 848 synaptic ribbons observed along
the 24-hour cycle, 571 (67.3%) were visualized in
the hours corresponding to darkness (06:00,
22:00, 02:00) and the remaining 277 (32.6%) in
the daytime hours (10:00, 14:00, 18:00).

The circadian evolution of the density of
synaptic bodies (SB) at each time-point, is
shown in Figure 6 and Table 2. The evolution of
the SR clearly tended to increase between 14:00
(minimum value) and 02:00 hours (maximum, or
peak value). The number of SR was significantly

Fig. 1.- “Synaptic” ribbon (SR) appended to membrane. x24,000.
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Fig. 2.- Cuadrangular “synaptic” body (CSB) near to membrane.
x24,000.

Fig. 4.- Two “synaptic” (SR and SS) near to membrane in pinea-
locyte prolongation. x24,000.

larger (p<0.0001) during the hours of darkness
than in the daytime (Fig. 8, Table 3). These
observations reflect a clear circadian evolution,
with high and low, statistically significant, fluc-
tuations over 24 h. (ANOVA; F-ratio: 43.513,
p<0.0001).

The regression and correlation studies bet-
ween the variables studied, i.e., the number of
ribbons and time points (regarding the latter as
the independent variable), revealed a marked
positive correlation between the two variables
(R =0.8).

Interestingly, in the daytime hours (10:00 to
18:00 hours) the number of grouped ribbons (i.e.,
ribbon fields) was considerably greater than the
number of isolated or paired ribbons (180 (65%)
and 97 (35%), respectively), although the number
of fields was found to be greater between 22:00
and 02:00 hours - no doubt due to the increased
presence of bodies in the dark period.

Fig. 3.- “Synaptic” spherule (8S). x24,000.

Fig. 5.- Cluster of “synaptic” spherules inside pinealocyte pro-
longation. x24,000.

Of the 277 ribbons counted during the dayti-
me hours, 221 (80%) were observed between
10:00 and 14:00 hours, i.e., the large majority of
the synaptic ribbons found between the morning
and mid-day were grouped. Moreover, these
“fields” or groupings were observed in discretely
greater (55.6%) numbers in the pinealocyte pro-
longations than in the perikarya.

In the hours of darkness, (22:00 to 06:00
hours) the grouped forms were observed in fewer
numbers than the isolated or paired presentations
(137 -23.9%- and 434 -76%-, respectively).

The evolution of the ribbon “fields” along 24
h, as compared with that of SR, is shown in Figu-
re 7. Analysis of variance of the fluctuations seen
in the field proved to be significant (F-ratio:
59.385, p<0.0001D).

The spheres, fewer in number than the rib-
bons, also followed a statistically significant (F-
ratio: 6.2, p<0.005) circadian evolution, although
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Figure 7.- Circadian evolution of synaptic ribbons (SB) and ribbon fields (RF).

curiously this was inverted with respect to that of
the ribbons; thus, a higher peak was observed at
10:00 hours, with a second, lower peak at 02:00
hours (Fig. 6). Between 10:00 and 14:00 hours
both two populations (SR and SS) had similar
mean values.

The spheres were slightly more abundant (87)
in the daytime hours (59.1%), (p<0.005) and

18:00 22:00 2:00

many of them (54.3%) were found bound to the
membrane, particularly in the daytime, when
their presence in the form of pairs was also fre-
quent (22.3%).

The intermediate forms (ISB) followed a dif-
ferent trend along the 24 h study period alt-
hough their rectangular or triangular shape con-
tinued to be characteristic.
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The rectangular forms (RSB) tended to increa-
se in number from a minimum presence at 10:00
hours to a maximum abundance at 02:00 hours
(Fig. 6), in this sense reflecting the evolution of
the ribbons, as described above. However, these
variations along the course of the day were not
significant (ANOVA; F-ratio: 3.1, p<0.3). Their
number at night was in turn higher than during
the day, but again the differences lacked statisti-
cal significance (t-test, p<0.4) (Fig. 8, Table 3).

Table 1.- Percentage and distribution of “synaptic bodies” (SB) in

the pineal gland of the cat during the spring.

Number and distribution
Total 1052

848 (80.6%)
571 (67.3%)
277 (32.6%)

Synaptic ribbons
Dark phase

Light phase

Synaptic spherules 147 (13.9%)

Dark phase 60 (40.8%)
Light phase 87 (59.1%)
Intermediate forms: 57 ( 5.4%)
Dark phase 35 (61.4%)
Light phase 22 (38.5%)
Triangular bodies 24 ( 2.2%)
Dark phase 17 (75.0%)
Light phase 7 (25.0%)
Rectangular bodies 33 ( 3.1%)
Dark phase 18 (54.5%)
Light phase 15 (45.4%)

Dark Photophases

|
Figure 8.- Dark/Light differences between the different synaptic bodies populations. \

Finally, the evolution of the triangular forms
(TSB) was found to be more irregular, with
peaks at 18:00 and 22:00 hours. These differen-
ces along the course of the day were not signifi-
cant (ANOVA; F-ratio: 2.9, p<0.07). In contrast,
the greater increase in these structures in the
dark period was statistically significant (t-test,
p<0.02) (Fig. 8, Table 3).

DISCUSSION

The results obtained in the present study reflect
the 24-hour circadian evolution of a heteroge-
neous population of synaptic bodies in the
pineal gland of the cat. In this sense, the synap-
tic bodies observed were classified as synaptic
ribbons (SR), synaptic spherules (SS), and trian-
gular (TSB) or rectangular (RSB) synaptic bodies.

Regarding the evolution of the SR over the 24-
hour solar cycle, the results reported in the lite-
rature coincide for all species investigated to
date, i.e., the guinea-pig (Vollrath, 1973), rat
(Kurumado and Mori, 1977; Cimas et al., 1987),
baboon (Theron et al., 1979), chipmunk and
ground squirrel (Karasek et al., 1983), and rabbit
(Martinez-Soriano et al., 1984, 1999). In this
sense, SR have been found to exhibit a circadian
rhythm, with a greater abundance of elements in
the dark hours, and a minimum in the daytime.
Our own observations in the cat agree with these
descriptions.

The evolution curve and the results of the
analysis of variance indicate a significant circa-
dian variation in the number of synaptic ribbons
along 24 h (Fig. 5). Likewise, the values obtained
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Table 2.- Means and standard deviation of the different populations of “synaptic bodies”.

Point-time SR SS TSB RSB
06:00 175 +4.8 10.0 +1.7 1.0 +0.0 1.3 +006
10:00 11.8 +3.2 11.3 +2.1 0.7 +0.6 1.3 +06
14:00 9.0 +37 9.3 +0.6 0.7 +0.6 1.7 +0.6
18:00 139 +3.6 83 +0.6 1.0 +1.0 2.0+10
22:00 235 +4.7 6.0 +2.6 20+1.0 20+1.0
02:.00 31.6 +2.8 5.0+1.0 27 +15 27 Hi2
Table 3.- Dark / light SB means and standard deviation / 20,000 pm?.
Light SR 182 +35 8§ s57+16 TSB 0.4 +02 RSB 09 +05
Dark SR 376 +55 8S 39+14 TSB 1.1 +0.3 RSB 1.1 +09

point to a marked correlation between the num-
ber of ribbons and the hourly variations (R =
0.895). Thus, 89.3% of the variations can be attri-
buted to the hourly rhythm -particularly as
regards the presence or absence of light- while
the remaining 10.5% would be due to unknown
factors. This agrees with our earlier results in the
rat (Martinez-Soriano et al., 1992).

The functional significance of these structures
is not known. In mammals, they have been rela-
ted to adrenergic innervation, an inverse correla-
tion having been demonstrated between the
number of synaptic bodies and the concentration
of adrenergic endings in the rat (Karasek et al.,
1983).

Similar observations have been made in the
cat (Gonzdlez and Alvarez-Uria, 1986), in which
postganglionic electrical stimulation of the cervi-
cal sympathetic system was found to induce a
decrease in the number of “dense cores” within
the adrenergic endings concomitant with an
increase in the number of synaptic ribbons.

Studies have also described the correlations
between the increase in the number of synaptic
ribbons and the embryonic development of
innervation in chicks (Robertson et al., 1990).
However, the fact that in most species sympathe-
tic denervation or continuous illumination cau-
ses an increase in the number of ribbons (Lues,
1971; Vollrath and Maitra, 1986; Roux et al.,
1977), together with the observation that the
addition to cultured pineal tissue of beta-recep-
tor agonists and antagonists induces no changes
in the number of synaptic ribbons in the rat (Sei-
del et al., 1990) or in the response of the num-
ber of synaptic ribbons to isoproterenol (Vollrath
et al., 1995), raise reasonable doubts as to the
true interpretation of these findings and suggests
the existence of adrenergic signal-modulating
factors.

Of the factors possibly involved, special men-
tion should be made of environmental illumina-
tion in the sense that it could modulate the pho-
tophase production of inducible cAMP early
regulator (ICER), through which transcription is
regulated for cAMP synthesis (Stehle et al.,
1993), this being the secondary messenger of
fundamental importance in the formation of
synaptic ribbons.

Another factor to be considered is neuropep-
tide Y, which regulates noradrenergic transmis-
sion in the rat pineal body at both pre- and post-
synaptic level (Simmoneaux et al., 1994) through
a clear circadian rhythm of secretion (Shinohara
and Inouye, 1994).

The present findings regarding the spherules
clearly point to the existence of a difference in
the rhythmic course of the both the ribbons and
the synaptic spherules, with a maximum peak at
10:00 in the morning, and a minimum at 02:00
hours. Curiously, however, this evolution of the
spherules was found to be precisely the inverse
of the evolution observed for the synaptic rib-
bons.

Differences in the evolution and behaviour of
the spherules have alrecady been discussed by
other authors in different species and under dif-
ferent conditions (Lues, 1971; Romijn, 1975;
Karasek et al., 1983; Kosaras et al., 1983; Marti-
nez-Soriano et al., 1984; Vollrath et al., 1985). In
the guinea-pig (Khaledpour and Vollrath, 1987),
a clear day/night inversion has been described in
the number of spherules with respect to the
rods, as was also found in the present study.
Similar situations seem to occur circanually in
the proximal and intermediate portions of the
rabbit pineal gland (Martinez-Soriano et al.,
1999).

The functional significance of these structures
has been much debated, although no consistent
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hypothesis has yet been advanced. However, it
does seem clear that their evolution depends on
factors other than those that regulate the number
of synaptic ribbons. The results of the present
study and of those commented above (Khaled-
pour and Vollrath, 1987; Martinez-Soriano et al.,.
1999) point in this direction and even allow us
to speculate about the possible existence within
the pineal gland of some species with at least
one system involving two coupled oscillators —
one regulating the pineal function in the dayti-
me, and another that would function at night—
as already suggested by Pittendrigh and Daan
(1976) and lIllnerova and Vanececk (1982) in
relation to the regulation of melatonin produc-
tion. However, recently (Adly et al., 1999) evolu-
tionary ultrastructural changes in the morpho-
logy of synaptic ribbons in the retina of the
Balb/c mice have been described. After exposu-
re to light in the morning (07:00-08:00 h.) the
synaptic ribbons form distal swellings, giving rise
to club-shaped profiles and they also decrease in
length. The swellings appear to bud off, thus for-
ming spherical synaptic bodies. It could explain
the contact —points observed between SR and
SS curves at 10:00 and 14:00 point-time descri-
bed in this work (Figure 6).

Pineal intermediate synaptic bodies (ISB) are
scarce in the pineal gland of the cat. Here, we
only observed two different types of this type of
structure: rectangular and triangular. They were
found to be more abundant at night than in the
daytime, although the differences were only sta-
tistically significant in the case of the triangular
bodies. Similar differences have been documen-
ted in the pineal gland of the rabbit in the spring.
Both types of intermediate synaptic bodies have
also been reported in the pineal glands of the
hamster (Matshusima et al., 1983), rabbit (Marti-
nez-Soriano et al., 1984, 1999), guinea-pig (Kha-
ledpour and Vollrath, 1987) and in artiodactyles
(Struwe and Vollrath, 1990). In this sense, nume-
rical and photophase fluctuations similar to
those observed in the cat have been described,
with the exception of the artiodactyles, in which
the SIB were found to predominate over both
the spherules and ribbons.

These results suggest a degree of uniformity
regarding the numerical and photophase fluctua-
tions of the intermediate body populations in
rodents —a trend apparently similar to that
found in the cat- although further research is
required to confirm this. In contrast, the number
of synaptic intermediate bodies in species such
as the pig, birds, and cattle seems to be comple-
tely different, and in view of the lack of studies
in these species, little can be said of their pho-
tophase fluctuations. What does seem to be
apparent from the descriptions made to date on
the pineal glands of rabbit and artiodactyles is
the existence of seasonal photophase differences

in the number of these structures. In this sense,
it may be speculated that seasonal changes
would modulate the fluctuations in the number
of bodies or that interspecies variations might be
due to the length of the gland, its degree of
innervation and the number of nerve fibers
involved. The most recent studies suggest that
pineal innervation is not only adrenergic but also
parasympathetic (Moller, 1992; Panshuwan-Fuji-
to et al., 1991) and of central origin (Mikkelsen
and Moller, 1990; Mikkelsen et al., 1991). This
widens the possibility that each fiber might
release different neuropeptides serving to modu-
late different functional aspects, the effective
structural reflection of which could be the diffe-
rent types of synaptic bodies observed.

It is quite another question whether the diffe-
rent types of SB are separate entities or not.

Recent studies point to the notion that SR pro-
files are cross sections through thin plate- or
lamella-like organelles (McNulty et al., 1986; Jas-
trow et al., 1997). However, without systematic
reconstructions based on serial sectioning the
true three dimensional structure of the SIB is dif-
ficult to assess. In any case, the still insufficient
information available about these pineal structu-
res prevents us from establishing any coherent
hypothesis regarding their true functional signifi-
cance.

REFERENCES

ADLY MA; Spiwoks-BECKER I and VouiratH L (1999). Ultras-
tructural changes of photoreceptor synaptic ribbons in
relation to time of day and illumination. Invest Opthal-
mol Vis Sci, 40: 2165-2172.

CiMAS-GaRCiA C; MARTINEZ-SORIANO F and Ruiz-TORNER A
(1987). Circadian and phoperiodic correlation between
the number of pineal gland synaptic ribbons and serum
melatonin levels in the rat. Acta Anat, 130: 228-231.

GonzAlEz G and Awvarez-Uria M (1986). Morphometric
analysis of the synaptic ribbons and nerve vesicles of
the cat pineal gland after electrical stimulation of the
superior ganglia. J Pineal Res, 3: 15-23.

ILLNEROVA H and VANECECK ] (1982). Complex control of the
circadian rhythm in N-acetyl-transferase in the rat pineal
gland. In: Aschoff J, Daan S and Gross GA (eds.). Verte-
brate circadian systems. Structure and Physiology.
Springer-Verlag, Berlin, Heidelberg, New York, pp. 285-
296.

Jastrow H, voN MacH MA and VoLratH L (1997). The shape
of synaptic ribbons in the rat pineal gland. Cell Tissue
Res, 287: 255-261.

Karasik M (1976). Quantitative changes in number of
synaptic ribbons in rat pinealocytes after orchidectomy
and in organ culture. J Neural Transm, 38: 149-157.

Karasek M; KING TS; Brown J; Hansen JT; PETTEBOURG LJ and
Rerrer RJ (1983). Inverse correlations between synaptic
ribbons number and the density of adrenergic nerve
endings in the pineal gland of various mammals. Anat
Rec, 205: 93-99.

Karasek M and Vouiratn L (1989). Pineal synaptic ribbons
and spherules: phylogenetic relics or functional structu-
res? Adv Pineal Res, 3: 21-20.

KHateppour C and VoLiratH L (1987). Evidence for the pre-
sence of two 24-hours thythms180° out of phase in the

175



176

pineal gland of male Pirbright-white guinea pigs as
monitored by counting synaptic ribbons and spherules.
Exp Brain Res, 66: 185-190.

KiNG TS and DouGHERTY R] (1982). Effect of denervation on
synaptic ribbon populations in the rat pineal gland. J
Neurocytol, 11: 19-28.

Kosaras B, WELKER HA and VOLLRATH L (1983). Pineal synap-
tic ribbons and spherules during the oestrous cycle in
rats. Anat Embryol, 166: 219-227.

KuruMADO K and Mort W (1977). A morphological study of
the circadian cycle of the pineal gland of the rat. Cell
Tissue Res, 182: 565-568.

KurumaDO K and Mort W (1980). Pineal synaptic ribbons in
blinded rats. Cell Tissue Res, 208: 229-235.

Lues G (1971). Die Feinstrukture der Zirbeldriisse normaler,
trichtiger und experimentell beeinflusster Meerschwein-
chen. Z Zellforsch, 114: 38-60.

MARTINEZ-SORIANO F, WELKER HA and VoLLraTH L (1984).
Correlation of the number of pineal synaptic ribbons
and spherules with the level of serum melatonin over a
24-hour period in male rabbits. Cell Tissue Res, 236: 555-
560.

MARTINEZ-SORIANO F; GIMENEZ M, ARMANANZAS E and Ruiz A
(1992). Pineal “synaptic” ribbons and serum melatonin
levels in the rat following the pulse activation of 52-
gauss (50Hz) magnetic fields. An evolutive analysis over
21 days. Acta Anat, 143: 289-293.

MARTINEZ-SORIANO F, HERNANDEZ GIL T, LOPEZ-BIGORRA M,
BALLESTER S and VOLLRATH L (1999). Circadian and seaso-
nal changes of synaptic bodies in different parts of the
rabbit pineal gland. Histol Histopathol, 14: 1079-1091.

MaATSHUSIMA S, MORISAWA Y, AiDA I and ABE K (1983). Circa-
dian variations in pinealocytes of the Chinese hamster,
Criteleus griseus. A quantitative electron microscopic
study. Cell Tissue Res, 228: 231-244.

McNuLty JA, Fox L, TAYLOR D, MiLLER M and TAKAOKA Y
(1986). Synaptic ribbon populations in the pineal gland
of Rhesus monkey (Macaca Mulatta). Cell Tissue Res,
243: 353-357.

McNuLty JA and Fox LM (1992). Pinealocyte synaptic rib-
bons and neuroendocrine function. Microsc Res Techn,
21: 175-187.

MIKKELSEN JD and MOLLER A (1990). A direct neuronal pro-
jection from the intergeniculate leaflet of the lateral
geniculate nucleus to the deep pineal gland of the rat,
demonstrated with Phaseolus vulgaris leucoaglutinin
(PHA-L). Brain Res, 520: 342-347.

MIKKELSEN JD, Cozzi B and MoLLEr M (1991). Efferent projec-
tions from the lateral geniculate nucleus to the pineal
complex of the Mongolian Gerbil (Meriones unguicula-
tus). Cell Tissue Res, 264: 95-102.

Motrer M (1992). Fine structure of the pinealopetal innerva-
tion of the mammalian pineal gland. Microsc Res Techn,
21: 186-204.

PHANSUWAN-FUITA P, MIKKELSEN JD, GOVITRAPONG P and
Motrer M (1991). A cholinergic innervation of the bovi-
ne pineal gland visualized by immunohistochemical

F. Martinez-Soriano, A. Ruiz-Torner, M. Lombillo de Ofiate and A.A. Valverde-Navarro

detection of choline acetyltranspherase-immunoreactive
nerve fibers. Brain Res, 545: 49-59.

PITTENDRIG CS and Daan S (1976). A functional analysis of
circadian pacemakers in nocturnal rodents. V. Pacema-
kers structure: A clock for all seasons. J Comp Physiol A,
106: 333-355.

ReYNOLDS ES (1963). The use of lead citrate at high pH as an
electron-opaque stain in electron microscopy. J Cell
Biol, 17: 208-212.

ROBERTSON GN, DicksoN GH and JacksoN PC (1990). Post-
hatch day/night differences in synaptic ribbon popula-
tions of the chick pineal. J Pineal Res, 8: 205-219.

RomyN HJ (1975). Structure and innervation of the pineal
gland of the rabbit, Oryctolagus cuniculus (L) TII. An
electron microscopical investigation of the innervation.
Cell Tissue Res, 157: 25-51.

Roux M, Ricnoux JP and CorponiER JL (1977). Influence de
la photopériode sur I'structure de I'épiphyse avant et
pendant la phase génitale saisonniere chez la femelle
du lérot (Eliomys quercinus). ] Neural Transm, 41: 209-
223.

SEIDEL A, NETO JAS, KIAUKE N, HUESGUEN A, Manz B and
VouratH L (1990). Effects of adrenergic agonists and
antagonists of the number of synaptic ribbons in the rat
pineal gland. EurJ Cell Biol, 52: 163-168.

SHINOHARA K and INOUYE ST (1994). Circadian variations of
neuropeptide Y-like immunoreactivity in the rat pineal
gland. Neuroreport, 5: 1262-1264.

SIMMONEAUX V, OUICHOU A, CraFT CH and PEVET P (1994),
Presynaptic and postsynaptic effects of Neuropeptide Y
in the rat pineal gland. J Neurochem, 62: 2464-2471.

STHELE JH, FOULKES NS, MOLINA C, SIMMONEAUX V, PEVET P and
SASSONECORSI P (1993). Adrenergic signals direct
thythmic expression of transcriptional repressor CREM
in the pineal gland. Nature, 365: 314-320.

STRUWE MCW and VOLLRATH L (1990). “Synaptic” bodies in
the pineal glands of the cow, sheep and pig. Acta Anat,
139: 335-340.

THERON JJ, Biacio R, MEvER AC and Borkkoor S (1979).
Microfilaments, the smooth endoplasmic reticulum and
synaptic ribbon fields in the pinealocytes of the baboon
(Papio ursinus). Amer | Anat, 154: 151-162.

VoLiratH L (1973). Synaptic ribbons of the mammalian
pineal gland. Circadian changes. Z Zellforsch, 145: 171-
183.

VouratH L and Howe C (1976). Light- and drug-induced
changes in epiphysial synaptic ribbons. Cell Tissue Res,
165: 383-390.

VoriratH L (1981). The pineal organ. In: Oksche A and Voll-
rath L (eds.). Handbuch der mikroskopischen Anatomie
des Menschen, Bd V1/7. Springer-Verlag, Berlin.

VOLLRATH L, KARASEK M, Kosaras B, KUNERT-RADEK J and
Lewinskl A (1985). Influence of melatonin and serotonin
on the number of rat pineal synaptic ribbons and sphe-
rules in vitro. Cell Tissue Res, 242: 607-611.

VoLLraTH L and Martra SK (1986). Interspecies differences in
the response of pineal synaptic ribbon number to conti-
nuous illumination. Neuroendocrinol Lett, 8: 135-140.



