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Summary. The presence of synaptophysin, a presynaptic 
Ca2+ binding glycoprotein, has been analyzed in the 
cochlear nucleus complex of the adult cat using an anti
synaptophysin monoclonal antibody. Synaptophysin 
immunoreactivity was differently distributed between 
regions of cochlear nuclei. Terminal boutons contacting 
directly with neurons (cell bodies and dendrites) or in 
the neuropil of ventral and dorsal cochlear nuclei 
appeared immunostained. In the ventral cochlear 
nucleus, synaptophysin-labelled boutons were clearly 
defined in contact with spherical, globular, multipolar, 
octopus and cochlear-nerve root neurons. However, the 
dorsal cochlear nucleus showed a dense immunostained 
network of synaptophysin-labelled puncta, inside which 
some neuron cell bodies were observed. The present 
findings show a differential distribution of synapto
physin-immunostained boutons between the ventral and 
the dorsal cochlear nuclei of the cat. The present 
description of the different synaptophysin-labelled 
terminal boutons in the cochlear nuclei complex and 
their pattern of distribution, will be useful for further 
studies on development, degeneration or regeneration of 
the peripheral auditory pathway. 
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Introduction 

The cochlear nucleus (CN) complex has been divided 
into three main subnuclei; the anterior ventral (AVCN); 
the posterior ventral (PVCN); and the dorsal (DCN) 
cochlear nuclei. This general division is based on the 
presence and distribution of several types of neurons and 
nerve fascicle (see for review; Ram6n y Cajal, 1911; 
Osen, 1969; Brawer et aI., 1974; Lorente de N6, 1981; 
Hackney et ai., 1990). The neurons of the CN complex 
exhibit similar morphology and pattern of distribution in 
several mammalian species, including rat (Harrison and 
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Irving, 1965, 1966), mouse (Webster and Trune, 1982), 
hamster (Schweitzer, 1990; Collinge and Schweitzer, 
1991), guinea-pig (Hackney et ai., 1990), rabbit (Perry 
and Webster, 1981), chinchilla (Morest et ai., 1990) and 
cat (Ram6n y Cajal, 1911; Osen, 1969; Brawer et ai., 
1974; Lorente de N6, 1981). However, the distribution 
of synaptic vesicle proteins of afferent and efferent 
innervation has never been used to define particular 
regions within the CN complex. 

Neurons of the CN complex receive synaptic contacts 
form primary afferent cochlear fibers (Kiang et aI., 1982; 
Fekete et ai., 1984; Liberman and Oliver, 1984; Rouiller 
et ai., 1986; Ryugo and Rouiller, 1988; Hackney et aI., 
1990; Ostapoff and Morest, 1991), from descending 
auditory pathways (Conlee and Kane, 1982; Brown et 
aI., 1988; Winter et aI., 1989; Benson and Brown, 1990; 
Hackney et aI., 1990; Ryan et aI., 1990; Ostapoff and 
Morest, 1991), and from internuclear connections (Cant 
and Gaston, 1982; Ostapoff and Morest, 1991). The 
synaptic boutons of the CN complex have been analyzed 
using light and electron microscopy, classified at first as 
endbulbs of Held and round small synapses (Ryugo and 
Fekete, 1982). In addition, synaptic endings on cochlear 
nucleus neurons can be classified in terms of their 
neuronal origin (see review in Ostapoff and Morest, 
1991). Synaptic vesicle proteins could provide additional 
information on the characteristics of neuronal contacts 
within the CN, since these proteins have been involved 
in synaptic physiology, in particular in the release of 
neurotransmitters (Sudhof and Jahn, 1991; Sudhof, 
1995; McMahon et aI., 1996). 

Synaptophysin (SY) is one of the major Ca2+ binding 
glycoproteins located in the presynaptic membrane and 
the synaptic vesicles (Wiedenmann and Franke, 1985) in 
virtually all types of nerve terminals (Rubinstein et aI., 
1993; Sudhof, 1995; McMahon et ai., 1996). This 
synaptic protein seems to form tetrameric homopolymers 
(Trimble and Scheller, 1988; Johnston et aI., 1989; 
Johnston and Sudhof, 1990) and does not form 
heteromultimers (McMahon et aI., 1996). It is involved 
in: 1) channel-forming processes, contributing to the 
uptake of low molecular weight compounds; 2) the 
vesicle-plasma membrane fusion; and 3) the release of 
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neurotransmitters (Jahn et aI., 1985; Rehm et aI., 1986; 
Wiedemann and Franke, 1985; Rehm et aI., 1986: 
Thomas et aI., 1988; Korematsu et aI., 1993; SUdoff, 
1995). However, SY function could be replaced by 
another system or protein, since knockout SY-deficient 
mice exhibited a normal synaptic transmission and 
plasticity (McMahon et aI., 1996), even though this 
glycoprotein appears at early developmental stages (Gil
Loyzaga and Pujol, 1988; Lajister and Kachele, 1989; 
Bergmann et aI., 1993; Ovstacharoff et aI., 1993). 
Immunolabelling at electron microscopic level 
confirmed that SY is located in clusters of synaptic 
vesicles, near to or forming part of the presynaptic 
membrane (Gil-Loyzaga and Pujol, 1988; Walaas et aI., 
1988; De Camilli and Takei, 1996). It is a large protein 
component of the membrane of the small round or flat 
synaptic vesicles in a wide variety of neurons (Jahn et 
aI., 1985; Gil-Loyzaga and Pujol, 1988; Masliah et aI., 
1990; Tixier-Vidal et aI., 1992; McMahon et aI., 1996). 
Also, it has been described as a membrane constituent of 
large dense-core vesicles (Navone et aI., 1986; Leclerc et 
aI., 1989; De Camilli and Jahn, 1990; Masliah et aI., 
1990; McMahon et aI., 1996). 

The aim of the present study was to analyze the 
distribution pattern of SY-labelled terminal boutons 
within the CN and its correspondence to the synaptic 
distribution in the adult cat, a species widely used in CN 
research (Ramon y Cajal, 1911; Osen, 1969; Brawer et 
aI., 1974; Cant and Morest, 1979a,b; Lorente de No, 
1981). In some preliminary communications, we have 
identified the presence of the SY in the CN complex of 
several mammalian species (Gil-Loyzaga et a!., 1991; 
Merchan-Perez et aI., 1992; Bartolome et a1., 1993), 
including differences between normal and early 
deafferented animals (Gil-Loyzaga et aI., 1996). 

Materials and methods 

Animals and tissue preparation 

Four adult pigmented cats were used in the present 
study. The animals, under deep general anesthesia 
(chloral-hydrate 300 mg/kg b.w.), were perfused for 15 
min, through the ascending aorta with a fixative solution 
containing 98% ethanol and 2% acetic acid (Gil
Loyzaga et aL 1991; Merchan-Perez et aI., 1992; 
Bartolome et aI., 1993). The brainstems were rapidly 
removed, postfixed in the same solution for 72 hours, 
dehydrated and embedded in paraffin. Samples were 
then cut in seriated 14 ,um-thick sections from frontal or 
sagittal planes in different specimens. 

Immunocytochemical procedures 

The sections were rinsed three times, for 5 min each, 
in 0.1 M phosphate-buffered saline (PBS) at pH 7.3, 
containing 2% bovine serum albumin (PBS-BSA). 
Preincubation was carried out for 30 min in a PBS-BSA 
solution containing 0.1% Triton X-IOO (Sigma) and 30% 

horse serum. The sections were then incubated overnight 
at 4 °C in a solution containing 2.5 ,ug/ml of an anti-SY 
monoclonal antibody (Gil-Loyzaga and Pujol, 1988) 
(Boehringer Mannheim, clone SY38). After three 
washes (5 min each) in PBS-BSA. the sections were 
incubated for I hour in biotinylated horse anti-mouse 
IgG (Vectastain, Vector Laboratories Inc) 1/200 in PBS
BSA. Antigen-antibody immunoreaction was revealed 
by using the avidin-biotin-peroxidase method (Vecta
stain, Vector) as previously described (Bartolome et a\" 
1993; Merchan-Perez et al., 1993). Negative controls 
were obtained with the same procedure described above 
but with the omission of the primary antibody. 

Results 

A sagittal section of the CN complex allowed all the 
cochlear subnuclei to be analyzed, on the same view, 
(AVCN, PVCN and DCN) (Fig. 1). A detailed study of 
each region required parallel coronal sections, as shown 
in Fig. 2, carried out through out the straight lines 
indicated in Fig. 1. 

In panoramic views of the CN complex subnuclei, 
AVCN, PVCN and DCN exhibited different SY-like 
(SY-LI) immunoreactive patterns observed in sagittal 
(Fig. 1) and coronal (Fig. 2) sections. AVCN and PVCN 
showed a medium-density SY-U labelling with 
completely devoid of immunoreaction, which could 
clearly correspond to the neuropil (Figs. 1, 2A-E). DCN 
exhibited a high-density SY-U immunoreaction (Figs. 1, 
2F,G). While in the AVCN and PVNC neuronal cell 
bodies could be suggested after SY-U immunoreaction, 
in the DCN the observation of neuronal cell bodies was 
impeded by the higher density of immunolabelling (Figs. 
1,2). 

It was necessary to use high magnifications on the 
CN areas in the panoramic sagittal (Fig. 1) and coronal 
(Fig. 2) views of the SY-U immunolabelling in order to 
clearly define the location of the immunoreaction. 

The region of the cochlear nerve root lacked any 
other immunoreactivity than that found around the nerve 
root neurons (Fig. 3A). 

High magnification of sagittal or coronal sections of 
the AVCN and PVCN (Figs. 3, 4) showed cell bodies of 
several neuron types. Neurons of the AVCN were 
surrounded by SY-U fibers, that could correspond to 
boutons projecting to these neurons (Fig. 3B-D). These 
neurons could correspond to spherical (Fig. 3B,C) and 
globular (Fig. 3D) neurons, because of their particular 
location. The spherical neurons (Fig. 3B,C) appeared 
densely and evenly distributed in the rostral ventral part 
of AVCN, while the globular neurons (Fig. 3D) were 
confined adjacent to the cochlear nerve root (Fig. 3A), 
and also within the anterior and medial ventral region of 
the AVCN. 

Even though the majority of the neurons of the 
AVCN appeared with SY-immunolabelling surrounding 
the cell body (Fig. 3B-D), some other neurons, of the 
most rostral part, exhibited a discontinuous immuno-
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labelling around the cell body (Fig. 3E). The SY-LY 
patches were found in the neuropil of the AVCN (Fig. 
3B-E). 

In the PVCN, the SY-immunolabelling appeared 
around the cell bodies of all three types of neurons: 
multipolar (Fig. 3F-H), octopus (Fig. 4A-D), and 
globular neurons (similar to globular neurons of the 
AVCN. see Fig. 3D). Also, the neuropil of the PVCN 
exhibited SY-U fibers (Fig. 3F-H). Two types of multi
polar neurons, large and small, exhibited SY-immuno
labelled boutons around the soma and the proximal 
dendritic area (Fig. 3F-H). Large multipolar neurons 
(Fig. 3F,0) were numerous in the posterior part of the 
nerve root, while small multipolar neurons (Fig. 3H) 
were mainly located in the lateral margins of PVNC. The 
octopus neurons (Fig. 4A-C), found at the posterior part 
of PVCN or on the intermedia caustic estria (Fig. 40), 
were easily identified by their characteristic ovoid shape 
and dendritic trees. The SY-immunolabelling was found 
around the cell bodies and dendrites of octopus neurons 
(Fig. 4A-C). Magnifications of these neurons showed a 
continuous layer of SY-immunolabelled boutons around 
the cell body and a part of the dendritic tree (Fig. 4C). In 
contrast, in other octopus neurons SYimmunolabelled 
boutons appeared restricted to the cell body (Fig. 40). 

In the DCN, SY-immunolabeUing appeared as a 

dense granular network in the molecular layer, inside 
which fusiform neurons were observed (Fig. 4E). In the 
DCN deep layer (Fig. 4F) and central core (Fig. 40), 
S Y-immunolabelling was less dense than in the 
molecular layer. Some neuronal cell bodies appeared 
contacted by SY-LY fibers (Fig. 4F,0). 

In the negative control sections, in which the primary 
antibody was absent, neither immunostaining nor any 
recognizable background staining was observed under 
working conditions. 

Discussion 

The distribution of SY in the CN complex was 
detected using a monoclonal antibody against the SY-38 
antigen. The SY-immunostaining was observed as 
patches contacting with cell bodies and dendrites of CN 
neurons and inside the neuropil. Immunoreactive 
patches, corresponding to the terminal boutons reaching 
cell bodies and fibers, appeared on all of the cell types of 
the CN complex. A differential distribution of SY
labelled boutons was observed within the CN complex. 
In the AVCN and PVCN, the majority of SY-U boutons 
were found around cell bodies and dendrites, and less in 
the neuropil, while the DCN exhibited a dense network 
of immunostained patches within the neuropil, which 

Fig. 1. Immunocytochemical detection of SY in a sagittal section of the cochlear nucleus (CN) of the cat. SY distribution can be recognized as a dark 
immunoreactive reaction in the three subnuclei: anterior ventral (AVCN); posterior ventral (PVCN); and dorsal cochlear subnucleus (DCN). SY
immunoplabelling appears mainly around the neuron cell bodies in both the AVCN and the PVCN. In the ventral part of the AVCN. the cochlear-nerve 
root (R) neurons are surrounded by abundant SY-immunolabelled boutons. The border region between both subnuclei (AVCN and PVCN) show a less 
dense SY·immunoreaction (Fig. 1. stars). In the DCN, SY-immunolabelling appears as a dense layer. Division lines (A-G) represent the approximate 
level of the different frontal sections shown in Fig. 2. Scale bar: 400 11m. 
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Fig. 2. Frontal sections corresponding to the levels shown in Fig, 1, SY-immunolabelling allows the recognition of AVCN neurons (A·C). Thin arrows 
indicate the distribution of the SY-immunoreactivity in the cochlear-nerve root neurons (8, C), In the PVCN, SY-immunostaining (D,E, asterisks) appear 
surrounding all neuron and also forming a network among them, The most superficial layer of the DCN is indicated by the open arrowheads (C-

Within the DCN, is dense Scale bar: 400 

also appeared surrounding the neuronal cell bodies. 
In the cat AVCN, spherical neurons have been 

classified into two main subtypes by the morphology of 
synaptic terminals contacting their neuronal somata 
(Cant, 1981; Oberdorfer et aI., 1988; Ostappof and 
Morest, 1991; Ryugo and Sen to, 1991). The present 
findings fit well with these previous reports, since SY
labelling on spherical neurons has revealed two different 
synaptic connection patterns. Most of the spherical 
neurons were found to be contacted by abundant SY
labelled boutons (Fig. 3C), while some neurons from the 
most rostral part of the AVCN were contacted by a small 
population of immunostained boutons (Fig. 3E). 

Type I afferents reached mammalian CN by the end
bulbs of Held (Ramon y Caj aI, 1911; Brawer and 
Morest, 1975; Lorente de No, 1981; Ryugo and Fekete, 
1992; Oberdorfer et aI., 1988; Ostapoff and Morest, 
1991). These endbulbs of Held have been classified into 
small, medium and large complex endings (Rouiller et 
aI., 1986), following a decreasing gradient of size in the 
ventral-dorsal axis of the CN. However, the SY-immuno
labelling does not allow the classification of terminal 
boutons with respect to their size or shape. However, the 
largest SY-immunolabelled boutons, reaching spherical 
and cochlear nerve root neurons, that could correspond 
to end bulbs of Held, were highly reduced in the CN after 
cochlea removal in the adult rat (Gil-Loyzaga et aI., 
1996). This is in agreement with previous ablation 
studies which showed that the endbulbs of Held 
correspond to the primary afferent terminals of the 
auditory nerve (Gentschev and Sotelo, 1973; Cant and 
Morest, 1979b; Hashisaki and Rubel, 1989). 

In the cat PVCN subnucleus, two different types of 
multipolar neurons have been previously described 
based on shape and size (Cant, 1981; More, 1986) and 
on their own physiology (Smith and Rode, 1989). SY
immunostaining distribution did not reveal differences 
between the two types of large and small multipolar 
neurons earlier described (Cant, 1981; Moore, 1986). 
Further research could help to establish relationships 
between physiological and morphological findings. 
Although four morphological types of octopus neurons 
have been described (Kane, 1973), the SY-immuno
labelled terminal boutons did not show significant 
differences between octopus neurons. Although some 
differences in SY-immunolabelling could be observed, 

this was mainly restricted to the octopus cell body. 
In the DCN, SY-immunolabelling was found 

particularly at the molecular layer, so strong that it was 
difficult to distinguish boutons or fibers. These results 
correspond to previous morphological findings (Rouiller 
et aI., 1986), which indicated that DCN contains a more 
homogeneous population of primary endings than AVCN 
or PVCN. A distribution of SY-immunolabelling such as 
that observed at the DCN molecular layer was 
concordant with that observed in the cerebellar and 
cerebral cortex (Leclerc et aI., 1989; Masliah et aI., 
1990), indicating a high connectivity at these central 
nervous system areas. 

It has -been hypothesized that SY could playa major 
role in the neurosecretion process in the majority of 
neurons, and also in endocrine cells (Navone et al., 
1986; Wiedenmann et aL 1986; Leube, 1994). In act, the 
increase in SY phosphorylation, linked to depolarization, 
is dependent on Ca2+ (Rubenstein et ai., 1993) and is 
involved in the control of neurotransmission. It has been 
hypothesized that SY could have a role as a component 
of the exocytic fusion pore during synaptic physiology 
(Siidhof and Jahn, 1991; Rubenstein et al., 1993). 
Therefore, the recognition of synaptic vesicle proteins is 
an important step towards the knowledge of neuro
transmitter release processes (Windenmann and Franke, 
1985; Korematsu et aI., 1993), as well as in the synaptic 
vesicle exocytosis process in the nerve terminal (SOdoff, 
1995; McMahon et aI., 1996). 

A heterogeneous population of SY-Iabelled small and 
intermediate size boutons, here described for the cat, 
could correspond to the distribution of excitatory and 
inhibitory neurotransmitters. Thus, the distribution of 
glutamate (Hakney et aI., 1996), glutamic acid 
decarboxylase (Roberts and Ribak, 1987; Saint Marie et 
al., 1989; Vater et al., 1992), GABA (Peyret et aI., ] 986; 
Wenthold et al., 1986; Kolston et al., 1992), and glycine 
(Wenthold et al., 1987; Saint Marie et aI., 1991; Kolston 
et al., 1992) clearly corresponded to SY distribution in 
the CN complex. 

The description of the SY-Jabelling pattern in the CN 
complex of the adult normal cat may be useful for 
further studies on the synaptic development or 
degeneration process. Further investigations, including 
electron microscopy could clarify as to whether all the 
synaptic boutons in the CN express SY, as well as the 

Fig. 3. High magnification of several neuron types of the AVCN and PVCN showing SY·immunolabelied terminal boutons. Some small SY
immunoreactive puncta appear in the neuropil between the different types of neurons, The SY-immunolabelled terminal boutons are observed 
surrounding the cell body of cochlear-nerve root neurons (A, arrows) and the spherical neurons (8), A high magnification of the spherical neurons has 
allowed the observation of SY-immunolabelled terminal boutons around the neuron cell bodies (C, arrows), Terminal boutons are also found 
surrounding the neuron cell bodies of the globular neurons (0, arrows). The distribution of terminal boutons on some spherical neurons constituted a 
discontinuous SY-immunolabelled sheath (E, arrows). Photomicrographs show the distribution of SY-immunoreaction as small dots surrounding the 
soma and the dendritic tree of different types of multipolar neurons of the PVCN (F-H). Scale bar: 25 11m, 
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Fig. 4. High magnifications of several neuron types of the PVCN and DCN. which show SY-immunolabelled terminal boutons (PVCN) and a dense 
network of multiple small immunoreactive dots (DCN). Immunocytochemical detection of SY on the octopus neurons (A-D). Octopus neurons show SY
immunolabelled boutons mainly surrounding the soma (CD) and the dendritic tree (8, arrowheads). In a second type of octopus neurons, the SY
immunoreactive boutons are observed restricted mainly to the neuronal cell body (0, arrowhead); the dendrites are only covered in a very small and 
proximal part (0, thick arrow). SY-immunoreactivity in the three main layers of the DCN: superficial (E), deep (F) and central (G) areas, The neuropil 
presents a granular staining pattern (E). Numerous scattered small SY·immunostained terminal boutons surround the neuron cell bodies (E, asterisk). 
The single larger boutons (F, arrows) are strongly immunoreactive in the deep region of the DCN. Stars show some neuron cell bodies, located in the 
deep layer (F). In the central area of the DCN the SY-immunoreactive terminal boutons surround the neuron cell body (G, empty star) and the dendritic 
tree of a neuron. Scale bar: 25 

relationship between SY-immunoreactive synapses and 
the tonotopic distribution in the eN. 
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