
Whereas the presence of neuropeptide-Y (NPY) in the superior colliculus (SC) has been established, its
participation in the ultrastructural organisation of the neuronal networks in the SC has not been studied.
Accordingly, in the present paper light and electron microscopic NPY immunohistochemical studies
were performed on the SC of cat. NPY fibres were found to be present predominantly in the superficial
grey layer (SGL) of the SC, though a few small NPY cells were found in both the deeper and the upper
layers. Ultrastructural observations revealed that the NPY nerve endings establish almost exclusively
axo-dendritic synaptic contacts in the SGL of the SC. Thus, the presumably inhibitory impact of the NPY
terminals is exerted through the dendrites of the SGL neurons, and not directly to the retinal axons, as
thought previously.
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INTRODUCTION

Neuropeptide-Y, which is abundantly distributed in the central nervous system,
exerts a number of modulatory roles in different structures of the brain [28]. NPY can
be found in every visual structure of mammals [3, 21]. Its presence in the superior
colliculus (SC) has been demonstrated in anuran [10, 16], avian [4, 25], rodent [5],
carnivore [3, 6] and primate [2] species.

The tectal NPY fibres have been shown to originate from the pretectum in frog
[15], chicken [25] and cat [3]. The effect of NPY in the tectum is inhibitory [23], and
a Y2-receptor mechanism of NPY-mediated inhibition of retinotectal information
transfer has been described in toad [24]. The GABAergic nature of pretecto-tectal
projection has been confirmed in cat [1], which may correspond to the submam-
malian NPYergic pretecto-tectal projection [15, 25]. However, no data are available
on the postsynaptic elements of the collicular NPY fibres, through which the pro-
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posed inhibition is produced, neither in submammalians nor in mammals. The aim of
the present study, therefore, was, to determine the postsynaptic elements of collicu-
lar NPY fibres in cat.

MATERIALS AND METHODS

Under deep pentobarbital anaesthesia, 4 adult cats were perfused with phosphate-
buffered saline (PBS), followed by 2 litres of fixative solution (4% paraformalde-
hyde, 0.05% glutaraldehyde and 0.2% picric acid in 0.1 M PS, pH = 7.4). Perfusion
was conducted in accordance with the Hungarian health regulations, which conform
to the NIH’s “Principles of laboratory animal care” (1985). The perfused brains were
removed from the skull and cut into small blocks, and 70 µm sections were made
with a Vibratome.

The free-floating sections were immersed overnight in PB containing 20%
sucrose, then frozen and thawed twice. The endogenous peroxidase activity was
blocked with 1% H2O2 dissolved in PB for 30 min, and the sections were next treat-
ed with 10% normal goat serum dissolved in PB and incubated for 48 h at 4 °C with
a polyclonal antibody against NPY (raised in rabbits, generously provided by Dr.
T. J. Görcs), at a working dilution of 20,000. The specificity of the antibody used has
been reported previously [7]. The sections were incubated overnight at 4 °C with
goat-anti-rabbit IgG (Vector) diluted 1 : 300, then incubated with ABC (Vector) for
2 h and developed by the standard DAB (Sigma) method. A 3×15 min wash in PB
was carried out after each.

For electron microscopy, the sections were treated with osmium tetroxide, dehy-
drated in ethanol, block-stained with 1% uranyl acetate in 70% ethanol and em-
bedded in Durcupan ACM (Fluka).

RESULTS

In the superficial layers of the SC a dense NPY-immunoreactive (-ir) fibre network
was observed, while only some NPY-ir fibres were found in the deeper layers (Fig.
1). The fibres mostly ran horizontally, though some transversally coursing fibres
were also observed. Morphologically, the fibres were of varicose type, giving rise to
numerous en passant boutons in the SGL. A few very small (5–10 µm in diameter)
NPY-ir perikarya too were seen, both in the SGL and in the deeper layers of the SC.
In every lamina, the perikarya were mostly round and emitted one or two principal
dendrites (Figs 1B, D, F).

Ultrastructurally, numerous boutons measuring 0.5–1 µm filled with round or
sometimes flattened vesicles were present in the superficial layers of the SC.
Occasionally, a few dense-core vesicles were also observed (Figs 2 and 3). The NPY-
ir boutons established exclusively symmetrical synaptic contacts, primarily on vesi-
cle-free dendrites with various diameters (Fig. 3). Axo-somatic synapses were also



found at times (Fig. 2), and the NPY-ir boutons occasionally synaptised at the origin
of a large primary dendrite.

The types of the synaptic connections were estimated in two cats. Of the 105
synaptic contacts of NPY-ir terminals counted in cat No 1, 99 boutons established
axo-dendritic synapses (96.2%), while 4 boutons established axo-somatic synapses
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Fig. 1. NPY immunoreactivity in the cat superior colliculus. The dense NPY fibre network is shown in
the SGL (A), and at higher magnifications (C, F). A few NPY perikarya can be recognised in deeper lay-
ers of the SC (B, D), and also in the SGL (F). The (presumably) axons of an NPY cell can be followed

for a long distance (B). Scale bar: 500 µm (A), 100 µm (C), 50 µm (E), 33 µm (B, F), 20 µm (D)
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Fig. 2. Ultrastructure of NPY elements in the SGL of the cat SC. An NPY bouton (empty arrow) con-
tacts the initial segment of a principal dendrite (A), and at higher magnification the symmetrical synapse

(arrow) is seen (B). Scale bar: 2 µm (A), 200 µm (B)
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Fig. 3. NPY boutons contact vesicle-free dendrites with different calibres (A, B). The synapses are indi-
cated by arrows. Scale bar: 500 µm (A), 300 µm (B)
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(3.8%). In cat No 2, 116 synapses were analysed, and proved to be axo-dendritic in
113 cases (97.4%), and axo-somatic in 3 cases (2.6%). The nuclei of the cells con-
tacted by NPY boutons were always round, and not intruded.

DISCUSSION

We reported earlier that there is a strong NPY fibre network in the SGL of the cat SC
[3]. Some NPY cells located exclusively in the SGL were described previously [6],
but a morphological description concerning the shape of the neurons has not been
published. It is reported here that the NPY cells in the cat SC are small and either
fusiform or unipolar-like. These NPY cells are located not only in the SGL, as
described previously [6], but also in the deeper layers.

The origin of the NPY fibres in the SC is presumably the retina [14], the pretec-
tum [3, 15, 25], the ventral lateral geniculate nucleus (vLGN) [22], or the intrinsic
collicular neurons [6, present report]. Nevertheless, following enucleation the distri-

Fig. 4. Summarizing drawing of the different NOT neuron populations in the cat. Both the SC and the
NOT give rise to a projection to the dLGN, where they end on different laminae in different manners.
While the pretecto-geniculate pathway is GABAergic, which inhibits geniculate interneurons (disinhibi-
tion of relay cells) predominantly in A laminae, the tecto-geniculate pathway presumably has an excita-
tory action, which terminates on C laminae. In addition, the NOT sends a GABAergic, and possibly
NPYergic pathway to the SC. It is hypothetised here that the pretecto-tectal projection may end on tecto-
geniculate neurons, inhibiting the collicular impact on the dLGN during the function of the pretecto-
geniculate pathway. Moreover, three additional excitatory neuron populations of the NOT project to the
pulvinar (Pulv) [Wang and Bickford, personal communication], the inferior olive (OI) [13], and the con-
tralateral NOT [26]. (Filled perikarya represent inhibitory neurons, and empty perikarya excitatory ones)



bution of NPY fibres in the SC remained unchanged [3, 25]. Moreover, the small
number of intrinsic collicular NPY perikarya is not likely to give rise to such a rich,
and extensive fibre network in the SC. However the vLGN projects not to the SGL,
but to the deeper stratum opticum [1]. In contrast to the above-mentioned possibili-
ties, convincing evidence has been presented for the collicular projection of pretec-
tal NPY cells [3, 15]. Since the NPY is localised most frequently in GABAergic neu-
rons, these NPYergic pretectal cells might be identical with the feline GABAergic
pretecto-tectal projecting neurons [1].

In contrast to the proposed axo-axonic connection of NPYergic fibres on the reti-
nal terminals in the tectum of amphibians [19], the NPY boutons in the cat SGL con-
tact almost exclusively dendrites, and in a few cases somata. The labelled boutons in
the SC of cat establish mostly symmetrical synapses, confirming the previously pro-
posed inhibitory role of the NPYergic nerve endings in the anuran tectum [23]. These
results do not prove such a direct inhibition of retinal information transfer in the cat
SC, but rather suggest a more complex inhibitory mechanism. Such complex inter-
play for the pretecto-tectal pathway has also been suggested in amphibians [18]: it
was proposed that either retinal afferents or tectal interneurons could be the postsy-
naptic elements of the pretectal afferents in salamanders, and that the nature of the
pretectal impact on the tectum is modulatory rather than inhibitory. However, in cat,
the dendrites and cell bodies have been proved to be contacted by the NPY fibres,
originating presumably from the pretectum (Fig. 4).

Both the SGL of the SC and the pretectum project to the dorsal LGN (dLGN)
modulating its function [20] (Fig. 4). While the pretecto-geniculate pathway inner-
vates predominantly the A laminae [9], the tecto-geniculate projection terminates
almost exclusively on the C laminae [12]. The pretectal fibres inhibit dLGN-
interneuron dendrites [8, 9, 27] and therefore inhibit relay cells (disinhibition) reset-
ting their activity at the end of saccadic eye movements [11, 17]. However, the tec-
tal fibres transmit W-like visual information to the small W cell-containing tiers of
the dLGN [12]. It seems plausible to suppose that the pretectum might inhibit the SC
during its impact on the dLGN through the GABA/NPYergic pretecto-tectal pathway
(Fig. 4). In addition, the few contacted perikarya in the SC possess a round nucleus,
suggesting their excitatory (probably projecting), nature. These postsynaptic cells of
the presumably pretectal NPY boutons can indeed be such collicular geniculate-pro-
jecting neurons.

In conclusion, the pretectal effect on the SC in cat could be realised through tec-
tal neurons, and not via retinal afferents. Dissimilar to amphibians, which do not have
such complex eye movements and visual functions as cat, the pretecto-tectal con-
nection seems inhibitory rather than modulatory.
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