
In the reticular nucleus of the rat thalamus, about 30% of the synapses are brought about by the perikarya
of parvalbumin-immunopositive neurons, which establish somato-dendritic synapses with large dendrites
of nerve cells of specific thalamic nuclei. Although the parvalbumin-immunopositive presynaptic struc-
tures bear resemblance to goblet-like or calyciform axonal endings, electron microscopic immunocyto-
chemistry and in situ hybridization revealed that these structures are parts of the perikaryal cytoplasm
studded with synaptic vesicles. In about 15% of the somato-dendritic synapses, axons are seen to be in
synaptic contact with the parvalbumin-immunoreactive perikaryon. Double immunohistochemical stain-
ing revealed that the parvalbumin immunoreactive presynaptic perikarya and dendrites contained GABA.

It is assumed that the peculiar somato-dendritic synaptic complexes subserve the goal of filtration of
impulses arriving at the reticular nucleus from various thalamic nuclei, thus processing them for further
sampling.
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INTRODUCTION

While the overwhelming majority in the mammalian central nervous sytem belong to
the axo-dendritic, axo-somatic and axo-axonal types, dendro-dendritic and somato-
dendritic synapses appear only in a restricted number. Herewith we report on the
occurrence of somato-dendritic synapses in the reticular nucleus of the rat thalamus
that may subserve the goal of filtration of impulses arriving at the reticular nucleus
from various thalamic nuclei.

MATERIALS AND METHODS

Investigations were carried out on 24 young adult Wistar rats, obtained from the ani-
mal house of the Albert Szent-Györgyi Medical and Pharmaceutical Center, Univer-
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sity of Szeged. Care of the animals was in conformity with the guidelines controlling
experiments and procedures in live animals, as described in the Principles of
Laboratory Animal Care (NIH Publication No. 85–23, revised 1985), and also com-
plied with the guidelines of the Hungarian Ministry of Welfare. Experiments were
carried out in accordance with the European Communities Council Directive (24
November 1986; 86/609/EEC) and the Guidelines for Ethics in Animal Experiments,
in the Albert Szent-Györgyi Medical and Pharmaceutical Center of the University of
Szeged.

Immunocytochemistry

For the demonstration of parvalbumin, we routinely used a nonspecific anti-mouse
parvalbumin antibody (Amersham). Preliminary experiments showed best staining
results with antibody dilutions 1 : 20,000 – l : 35,000. Endogenous peroxidase activ-
ity was blocked by the application of 0.3% hydrogen peroxide diluted in methanol,
for 10 min, followed by three successive rinses in 0.1 M phosphate buffer.

Free-floating sections were pre-treated with blocking serum (PBS [phosphate
buffered saline]), 10% normal goat serum, l% BSA [bovine serum albumin] and
0.3% Triton X-100) on a shaker plate at room temperature for l h, and then trans-
ferred into the primary antibody. Incubation was carried out at 4 °C on a shaker for
36 h, followed by three rinses in 0.1 M phosphate buffer.

To detect the bound primary antibody, we used the avidin-biotin peroxidase
method. Kits were obtained from Vector Laboratories (Burlinghouse, USA). The sec-
ondary antibody, biotinylated anti-mouse immunoglobulin was applied for 90 min at
room temperature. Three more rinses in 0.1 M phosphate buffer were followed by
incubation in the performed avidin-biotinylated-peroxidase complex for 60 min at
room temperature. After three rinses in 0.1 M phosphate buffer, peroxidase activity
was visualized by the histochemical reaction involving diamino-benzidine-tetrahy-
drochloride and hydrogen peroxide (3 μl of 30% H2O2 to 10 ml 1% DAB). After
three rinses in 0.1 M phosphate buffer, free-floating sections were dehydrated in a
graded series of ethanols, cleared in xylene and coverslipped with Permount.

The specificity of the immunohistochemical reaction was assessed by means of
the following treatments: (1) Omission of the first specific antiserum. (2) Use of nor-
mal rabbit or mouse serum instead of anti-KAT or anti-GFAP antiserum. (3)
Treatment according to the avidin-biotin complex method, from which one of the
steps had been omitted. (4) Preabsorbtion of the specific antibody with pure kidney
KAT at 4 °C for 24 h. None of these specimens showed any reaction.

Electron microscopic immunohistochemistry

Fifty μm thick free-floating sections were obtained on a vibratome and processed
like the samples for light microscopy, except for that Triton X-100 was omitted from
all of the solutions. Having visualized the peroxidase activity, the free-floating sec-



tions were post-fixed in an osmic acid solution (2% OsO4 diluted in phosphate
buffer) for 1 h and dehydrated in a graded series of ethanol. Sections were flat
embedded in Durcupan on Liquid Release-treated slides, and polymerized for 36 h at
56 °C.

Selected regions of the brain were excised and remounted. Ultrathin serial sections
were obtained on a Reichert Ultrotome, using a diamond knife. Sections were stained
with lead citrate according to Reynolds, and analyzed and photographed on JEOL
and Philips electron microscopes.

In situ hybridization

PV-specific genomic DNA sequences complementary to the 3’-nonhomolog regions
of the PV mRNAs were amplified by polymerase chain reaction and cloned into
pcDNA3 vectors. Sense and antisense [35S] cRNA probes were transcribed in vitro
with T7 or SP6 polymerases using these vector constructs as DNA templates after
linearization. The specificities of the antisense probes were determined by sequence
alignment, Northern blot analysis and in situ hybridization. Labeled probes were
purified by size exclusion chromatography and the probe-specific activity was deter-
mined to be 1.9×10,000,000 cpm/pmol. For in situ hybridization, paramedian sagit-
tal cryostat brain sections were fixed for 5 min in 2× SSC containing 4% formalde-
hyde, washed twice in 2× SSC for 1 min, then rinsed in 0.1 M triethanolamine con-
taining 0.25% acetic anhydride for 5 min at room temperature. The sections were
dehydrated, air-dried and hybridized in 50 μl hybridization solution (50% for-
mamide, 5× SSPE, 1× Denhardt’s reagent, 10% dextran sulfate, 50 mM DTT, 100
μg/ml yeast tRNA) containing 2.5×105 cpm cRNA probe/section. Hybridization was
performed under parafilm coverslips in a humidified chamber at 48 °C for 20 h. The
sections were extensively rinsed in 2× SSC/50% formamide at 50 °C, treated with
RNase A, washed again in 2× SSC/50% formamide at 50 °C, then dehydrated, air-
dried and processed for autoradiography.

Brain sections were dipped into Hypercoat nuclear emulsion (Amersham) and
exposed for 30 days at 4 °C. Emulsion-coated slides were developed in Kodak D19
developer (Eastman Kodak Co., Rochester, NY) for 3.5 and 5 min respectively, at
19 °C and fixed in Kodak Fixer for 10 min at 19 °C.

RESULTS

In the conventional coronal sections the reticular nucleus of the rat thalamus did not
differ essentially from other parts of the same nucleus: the overwhelmig majority of
nerve cells exerted PV immunoreactivity. However, in paramedian sagittal (PMS)
sections, an entirely different organization became apparent, insofar as in the PMS
plane, about 30% of the PV immunopositive nerve cells were seen to embrace cross-
sections of large, immuno-negative dendrites (Figs 1, 2). The organization seen in the
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⎯⎯⎯⎯→
All the illustrations derive from adult rat brain samples sectioned in the PMS plane.
Fig. 1. Reticular nucleus of the rat thalamus. The semilunar, PV immunopositive complex surrounds a
dendrite (arrow), located in the center. In the same field, there are four more, partly incomplete PV 
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Fig. 4. Electron microscopic organization of PV-immunopositive semilunar complexes in the reticular
nucleus of the rat thalamus. D: dendrite (immunonegative). er: endoplasmic reticulum in the dendrite. S:
presynaptic soma of PV immunopositive cell. Asterisk indicates accumulation of synaptic vesicles

⎯⎯⎯⎯
immunopositive complexes. (×400). Fig. 2. Reticular nucleus of the rat thalamus. The semilunar, PV
immunopositive complex embraces a dendrite (arrow), located in the center. There are two more, partly
incomplete PV immunopositive complexes in the same field. (×400). Fig. 3. In situ hybridization of PV
in the reticular nucleus of the rat thalamus. Semilunar organization of the signal is especially striking at
the arrows. (×150)
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PMS plane is deceptively similar to that of PV immunopositive nerve cells with a
large, immunonegative nucleus, or to large calyciform axonal endings surrounding
PV immunonegative perikarya.

However, by more thorough inspection of the light microscopic immunocyto-
chemical pattern and, especially if electron cytochemistry was applied, it became
clear that the PV immunopositive profiles did not correspond to axons. The PV
immunopositive profiles contained, in addition to synaptic vesicles, constituents of
PV immonopositive perikarya, including mitochondria, rough-surfaced and smooth
endoplasmic reticulum and Golgi apparatus. On the other hand, the immunonegative
profiles embraced by the semilunar PV-positive structures showed all characteristics
of large dendrites (Fig. 4).

In order to ensure the perikaryal character of the PV immunopositive semilunar
structures, in situ hybridization experiments were performed. On the basis of these
experiments (Fig. 3) it became evident that PV is being synthesized by the PV
immunoreactive semilunar structures themselves rather than being transported there
from some hitherto unknown places.

DISCUSSION

Cells of the thalamic reticular nucleus are known to be heterogeneous in type: in the
dorsal regions of the thalamus very small cells are present while the ventral and cau-
dal regions are characterized by large cells [10]. Both the intralaminar nuclei and the
dorsal relay nuclei of the thalamus project the reticular nucleus, and both receive
afferents from the reticular nucleus [3]. Dendrites of the cells of the reticular nucle-
us are long and without any specific orientation [21]. According to autoradiographic
studies, the reticular nucleus receives inputs from the dorsal thalamus and from the
cerebral cortex. Corticothalamic fibers approaching the dorsal thalamus give collat-
erals to the reticular nucleus; cells of the reticular nucleus project back to that par-
ticular nucleus of the dorsal thalamus from which its input arises. Strategically locat-
ed between the cerebral cortex and specific and non-specific nuclei of the thalamus,
it is situated to sample neural activity coming from the cerebral cortex and to forward
it to the dorsal thalamus; it has no direct projection to the cerebral cortex [2]. Thus,
it has been accepted that the thalamic reticular nucleus plays an important role in
controlling the output of cortically projecting cells in nuclei of the dorsal thalamus.
In spite of the similarity of thalamic reticular nucleus cells to cells in the brainstem
reticular formation [21], Berry et al. [1] have shown that there does not exist a con-
nection between these two. According to another paper from this same group, col-
laterals of the axons of geniculo-cortical projection cells excite neurons in the thala-
mic reticular nucleus, the axons of which feed back to the dorsal lateral geniculate
nucleus [18].

In the Results section we have outlined two deceptive possibilities: (1) the com-
plex patterns correspond to PV immunopositive nerve cells with a large, immuno-



negative nucleus, and, (2) large calyciform axonal endings surrounded PV
immunonegative perikarya.

The situation which became evident by electronmicroscopic immunocytochemical
investigation of the reticular nucleus ruled out possibility (1) on the basis of the den-
dritic character of the immunonegative cores, while possibility (2) could be ruled out
on the basis that the PV immunopositive structures could not be identified as axons.
By excluding these tempting variants, the only explanation of the complexes which
remains is that we are dealing with dendro-dendritic or somato-dendritic synapses. It
remains to be seen whether or not, PV coexists with GABA in the presynaptic semi-
lunar structures, like in other parts of the central nervous system [13].

While dendro-dendritic synapses occur in various areas of the central nervous sys-
tem, the presence of somato-dendritic synapses is fairly restricted. For the first time,
Sétáló and Székely [22] described synapses between perikarya and dendrites of nerve
cells in the frog optic tectum; later, Wong [23] described somato-dendritic synapses
in the lateral geniculate nucleus and Fisher [7] found somato-somatic synapses in the
retina. In the thalamus, Ralston and Herman [20] were first to describe presynaptic
dendrites (in the ventrobasal nuclei). Dendro-dendritic synapses were observed also
in the lateral geniculate body [5, 6, 8, 12, 18, 24], in the medial geniculate nucleus
[11, 17], and in the ventrolateral nucleus [9]. Lieberman [14] described presynaptic
perikarya and presynaptic dendrites in the rat lateral geniculate nucleus.

In the reticular nucleus of the thalamus, Ohara and Lieberman [19] did not find
any somato-dendritic synapses at all; according to these authors, even dendro-den-
dritic synapses are extremely sparse, in contrast to the overwhelming majority of
axo-somatic and axo-dendritic synapses. It should be remarked, however, that
according to Ohara and Lieberman [19], there occur close appositions between cell
bodies and dendrites which, though not identical, are similar to gap junctions.

What might be the reason why previous authors did not recognize the abundance
of somato-dendritic synapses in the rat nucleus reticularis thalami? Species speci-
ficity can be excluded with certainty since we used the very same strain (Wistar), the
earlier investigators have used; similar situation was found in Sprague Dawley rats
which were additionally studied. A more plausible cause might be the plane of the
sections; we found that the calyciform (goblet-like) organization characterizes only
sections prepared in the paramedial plane, while, in coronal sections, calyciform end-
ings could only very hardly be identified or not at all. Perhaps even more important
is the cytochemical approach. The frequent occurrence of calyciform somato-den-
dritic junctions we found was in parvalbumin-stained specimens. Using parvalbumin
immunohistochemistry, the presynaptic perikarya stand out clearly against the pale
background and the non-reactive post-synaptic dendrites. Thus, it appears that par-
valbumin staining and the paramedial plane of the section together might be respon-
sible for the clear-cut identification of somato-dendritic synapses in our specimens.
This is supported also by the fact that, in the in situ hybridization experiments, the
conspicuous semicircular (“chapeau-like”) accumulation of silver grains, corre-
sponding to presynaptic perikarya, characterized only paramedian sections.
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The somato-dendritic synaptic organization in the reticular nucleus of the thala-
mus was not influenced by transection of the contralateral cervical dorsal column
pathways. The results of these experiments, summarized briefly in abstract form [4]
will be discussed in extenso later. Suffice here to say that, while parvalbumin
immunoreactivity of specific and non-specific thalamic nuclei decreased consider-
ably as a consequence of transneuronal alterations (first order transneuronal atrophy
and transneuronal degeneration), the immunohistochemical reactivity of the reticular
nucleus thalami was not changed at all. Apparently the second-order alterations, if
any, did not involve the structure and cytochemistry of the reticular nucleus which,
unlike the specific nuclei of the thalamus, does not obtain direct afferents from the
medial lemniscus.
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