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Summary 

A quantitative study of "synaptic" ribbons in rat pinealocytes was 
performed after orchidectomy and in organ culture. Both orchidectomy and 
culturing the pineal organ caused an increase in number and size of these 
structures. 

Present study indicate that microtubular sheaves and/or microtubules 
may represent precursors of "synaptic" ribbons. 

It is suggested that "synaptic" ribbons of rat pinealocytes, far from 
being phylogenetic relics of no functional significance play a role in the 
function of the pineal organ. An exact functional interpretation of the 
"synaptic" ribbons, however, is still a matter of conjecture. 

Introduction 

"Synaptic" ribbons, functionally enigmatic components, are quite 
often observed in the cell bodies and the processes of the mammalian 
pinealocytes (Kappers, 1971; Karasek, 1976; Wurtman et al., 1968). 
These structures have also been termed "vesicle-crowned rodlets" 
(Wolfe, 1965) and "vesicle-crowned lamellae" (Arstila, 1967). They 
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are seen in longitudinal sections as three dense laminae with less dense 
zones sandwi&ed between and are surrounded by small vesic!es, 
"Synaptic" ribbons lie singly or in groups, very often close to the cell 
membrane. They have been interpreted by Hopsu and Arstila (!965) 
as organeltes involved in functional neurohumoral synaptic contacts 
between pineatocytes. This hypothesis has not been generally accepted, 
because of the endocrine rather than neuronal nature of mammalian 
pineatocytes (Kappers, t969, 197I). "Synaptic" ribbons are not 
restricted to the pineaI organ. They were first demonstrated in  photO- 
receptor cells of the retina and then also found in other sensory 
organs, e.g. the organ of Cord, the vestibular organ and the electrical 
receptor organs of teleost fishes, in which they play a role in synaptic 
transmission (for references see Vollrath, Huss, 1973); "Synaptic" 
ribbons are also permanent components of photoreceptor ceils of t}ae 
pineal organ of non-mammalian vertebrates (CotIin, 1969; Oksche, 
I97t). In the mammalian pineal organ they were often regarded as 
non-functioning phylogenetic relics (Kappers, 197t; Karasek, I973; 
Wurtm.an et al., 1968). 

Recent studies, however, have demonstrated striking change s in 
number and arrangement of "synaptic" ribbons of the guinea-pig 
pineal organ during the circadian rhythm as wetl as when anlmais 
were kept under continuous illumination (VolIrath, 1973; Vollrath, 
Huss, 1973). Volh'ath (1973) concluded that "synaptic" ribbons of the 
mammalian pineal organ represent cell organelles of definite, but as 
yet unrevealed, functional significance. He suggested that they may 
be involved in intercellular communication. Their function would be  
either to enhance the secretory activity of the pineal organ or to 
establish circuits within the organ between adjacent pineal0cytes, 
similar to neuronal circuits. 

Since in previous qualitative studies of rat pineal in organ cuIture 
and aflcer orchidectomy we found an increase in number of "synapdc" 
ribbons (Karasek, 1974; Karasek et aI., 1976) while, in contrast, 
Arstila et al. (1971) reported that these structures were absent in the 
pineal organ cultured in vitro, we decided to perform quantitative 
investigations of "synaptic" ribbons in rat pineal organ cultured 
in vitro and after orchidectomy. 

Material and Methods 

In present study, 40 adult mate Sprague-Dawley rats weighing 120 to 
200 g were used. The pineals of 6 rats were cultured for t2 hours, while 
those of 8 other rats were cuItured for 48 hours. Details of the technique of 
the rat pineal organ cutture have been previously described (Karasek, 1974). 
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Six pineals were obtained from rats 2 weeks after ordlidectomy and 10 other 
pineals from rats 3 weeks ai~ orchidectomy. Ten pineals of intact rats 
served as controls. 

All animals used in the present experiments were exposed to 14 hours 
light daily (7 a.m.--9 p.m.). They were supplied with standard rat pellets 
and tap water ad libitum. All animals were sacrificed unanaesthetized by 
decapitation between 9 and 10 a.m. The pineals were fixed in Karnovsky 
fixative, followed by post-fixation in 1 ~ osmium tetroxide, and embedded 
in Epon 812. Sections were made with a LKB Ultrotom III, double stained 
with uranyl acetate and lead citrate and examined under a Philips 200 
electron microscope. 

For the quantitative evaluation of "synaptic" ribbons, thin sections were 
taken from different areas of the pineal organ. Since "synaptic" ribbons lie 
singly or in groups of two, three or more, "ribbon fields" including all types 
of ribbon grouping were counted. In each animal "ribbon fields" lying inside 
30 grid apertures were counted. The data obtained are expressed as mean • 
standard error of the mean (SEM) per unit area. The unit area corresponds 
to an area of pineal tissue fully covering 1 grid aperture measuring 
45X45um (2024um2). In order to avoid counting the same structures 
twice, only one section out of a series was used. For statistical analysis 
Student's t-test was used. 

Results 

"Synaptic" ribbons were rather rarely observed in the pineatocytes 
of control animals (1.24 _+ 0.16 ribbon fields/unit area) (Fig. 1). They 
occurred in the cell body as welI as in cell processes. Very frequently 
they were situated close and perpendicular to the cell membrane 
(Fig. 2). In most cases the "ribbon fields" consisted of one or two rods 
only. Sometimes, hcwever, three rods were present. Very rarely 
"ribbon fields" consisting of more rods were seen. 

In the cultured pineals an increase in number of "ribbon fields" 
was observed aider 12 as well as aider 48 hours of incubation (Fig. 1). 
Moreover, fields consisting of more than three rods were often 
observed (Fig. 3). 

In the pinealocytes of orchidectomized rats the numbers of "ribbon 
fields" were considerably increased (Fig. 1). Very often they consisted 
of numerous rods, some of which were frequently elongated (Fig. 4). 
Sometimes, ribbons in adjacent cells were placed opposite to each other 
(Fig. 5). Moreover, an increased numbers of microtubules and 
structures described by Lin (1970, 1972) as microtubular sheaves 
were observed (Figs. 6 and 7). Frequently microtubules and micro- 
tubular sheaves were demonstrated in the vicinity of "synaptic" 
ribbons (Figs. 8, 9 and 10). Some of them showed structures similar 
to ribbons, but they were deprived of surrounding vesicles (Figs. 7 
and 11). 
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Fig. 1. Diagram of %ynaptic ribbon fields" per unit area under different conditions. 
C - -  control rats; OC 12 - -  organ culture for 12 hours; OC 48 - -  organ culture 
for 48 hours; OR 2W - -  2 weeks after orchidectomy; OR 3W - -  3 weeks after 
orchidectomy. Means -+ SEM are indicated. Significance: *p < 0.02; **p < 0.005; 

**"'p < 0.001 as compared to controls. Number of animals in parentheses 

Discussion 

The results of the present study show that the number of 
"synaptic" ribbons in the rat pinealocytes undergoes prominent 
changes of a similar nature in such different experimental conditions 
as orchidectomy and organ culture. It is note worthy that, in the 
present quantitative studies we found an increase in number of 
"synaptic" ribbons in cultured pineals, which is in contrast to the 
qualitative findings of Arstila et al. (1971). 

In the guinea-pig pineal organ it has been previously shown that 
"synaptic" ribbons increase in number during the night or after 
exposure of the animals to continuous illumination, while they 
decrease in number during the day (Vollrath, 1973; Vdlrath, Huss, 
1973). In the rat pineal organ rhythmic changes in number of these 
structures have also been observed (Vollrath et al., 1975). In the rabbit 
pineal organ Rornijn (1975) found an increase in number and size of 
"synaptic" ribbons after sympathectomy or continuous illumination. 
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Fig. 2. Control rat. "Synaptic ribbon field" containing two rods, which are 
composed of three dense laminae with less dense zones sandwiched between, lying 

close and perpendicular to the cell membrane. • 47,500 
Fig. 3. Rat pineal organ culture atter 48 hours. "Synaptic ribbon fieId" consisting of 
4 rods in the cell body of a pinealocyte, lying close to the ceil mebrarle. • 40,000 
Fig. 4. Three weeks aiq:er orchidectomy. "Synaptic ribbon field" containing 

5 elongated rods in the process of a pinealocyte. • 
Fig. 5. Two weeks a~er orchidectomy, "Synaptic ribbon fields" in the cell body of 
a pinealocyte (small arrow) and in the process of a pinealocyte (large arrow) lying 

opposite to each other. • 
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Fig. 6. Two weeks after or&idectomy. Microtubular sheaves in longitudinal, 
oblique and cross section (arrows). X39,500 

Fig. 7. Three weeks aPcer or&idectomy. A dense rod consisting of three dense 
laminae with less dense zones sandwiched between (arrow) tying among numerous 

microtubules. • 
Fig. 8. Three weeks atter or&idectomy. Numerous microtubules (asterisk) lying in 

close vicinity to a "synaptic" ribbon. • 30,000 
Fig. 9. Two weeks after orch~dectomy. A long microtubule in close contact with a 

"synaptic ribbon field" (arrow). • 46,000 
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Thus it appears that "synaptic" ribbons in the mammalian pineat 
organ, far from being phylogenetic relics of no functional significance, 
may play a role in the functioning of the gland. A functional inter- 
pretation of the "synaptic" ribbons, however, is so far, difficult and a 
matter of conjecture. Votlrath (1973) suggested that "synaptic" 
ribbons are excitatory structures altering the physico-chemical 
properties of neighbouring pinealocytes, as a result of which the 
secretory activity of the pineal organ as a whole is increased. Romi]n 
(1975) hypothesized that "synaptic" ribbons function as pineal 
receptors for the sympathetic neurotransmitter noradrenaline and that 
their increase after sympathectomy is of a compensatory nature. In 
previous studies, how'ever, we have not been able to note any 
difference in number of "synaptic" ribbons in the pineal organ 
cultured in the presence of noradrenaline, compared with control 
cultures (Karasek, 1974). 

In the opinion of the present author it cannot, however, be ex.- 
cluded that "synaptic" ribbons play a role in the pineal secretory 
process. It should be emphasized that aRer orchidectomy we demon- 
strated ultrastructnral features indicating increased secretory activity 
in the rat pinealocytes (Karasek et al., 1976). 

The question also rises whether or not there are structures in the 
pinealocytes which could be regarded as precursors of "synaptic" 
ribbons. Vollrath (1973) has stated the absence of any such structures. 
Our present results, however, indicate the possibility that micro- 
tubular sheaves arising from centrioles (described by Lin [1970, 1972] 
in the rat and guinea-pig pinealocytes) may be somehow transformed 
into "synaptic" ribbons. Quite often we observed microtubules or 
microtubular sheaves lying in close vicinity to "synaptic" ribbons. It 
could be that two groups of microtubule fascicles become opposed and 
then transformed into the two laminae that make up the ribbon. This 
would account for the fact that each lamina has the. same diameter as 
a microtubule. 

It is of interest that Gray (1976), using an albumin technique, has 
shown that in synapses in the outer and inner plexiform Iayers of the 
frog retina, microtubules can be seen running up to, and lying in 
close topographicaI relationship with the synaptic ribbons. 

It is obvious that the results of the present study do not solve the 
problem of the functional significance of "synaptic" ribbons in the 
mammalian pineal organ. However, the observation that these 
structures respond not only to changes in environmental illumination 
and innervation but also to hormonal imbalances is of some 
importance and point the way to further studies. 

II* 



156 M, Karasek: 

Fig. 10. Two weeks after or&idectomy. Cross sections of numerous microtubt~ies 
lying in close vicinity to a %ynaptic ribbon field" (arrows). X46,000 

Fig. 1i. Three weeks afl~er orchidectomy: A long dense rod consisting of three dense 
laminae with Iess dense zones sandwiched between. • 39,500 
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