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INTRODUCTION

The bulbar cochlear nuclei constitute a neuronal complex which contains several
cell types (Harrison & Irving, 1965, 1966; Brawer, Morest & Kane 1974; Cant &
Morest, 1979a; Cant, 1981), arranged in two main areas, known as the ventral
(VCN) and dorsal (DCN) cochlear nuclei, the latter showing a well defined lami-
nation. The ventral nucleus has been divided into the anterior (AVCN) and posterior
(PVCN) regions (Cajal, 1909; Lorente de No, 1933a, b) as a result of an almost
geometrical bifurcation of the auditory fibres into ascending and descending
branches. Subsequent data obtained with different techniques have revealed a more
precise division which envisages the central nucleus as composed of three (Powell &
Erulkar, 1962; Nissl method), five (Rasmussen, 1967; Nissl method; silver stain),
eight (Harrison & Irving 1966; Osen, 1969: silver stain) or fourteen (Brawer et al.
1974: Nissl and Golgi micrometry methods) different regions.
The main differences between these classifications are related to cytoarchitecture

or to minor aspects of connectivity. However, all of them are linked by the accep-
tance of the classical V branching pattern of the cochlear axons (Held 1893; Cajal,
1894, 1900, 1909; Lorente de No, 1933b). Recent work with peroxidase (Merchan,
Collia, Merchan & Saldana, 1985) has shown that the primary afferents exhibit amore
complex topological distribution than the classical V shaped pattern. This dis-
crepancy may be due to technical factors. Primary afferent localisation can be more
easily established using horseradish peroxidase (HRP) than by means of the Golgi or
Bodian impregnation techniques, because with the latter methods it is not possible to
follow axons from their origin in the cochlear ganglion.

Nevertheless, the spatial arrangement of the cochlear nuclei should also be taken
into account. As is well known, minor variations in the plane of sectioning can
furnish different results. It is possible that the differences between previously reported
Golgi (Cajal, 1894; Lorente de No, 1933b; Feldman & Harrison, 1969) and the
present HRP results may be, at least partially, related to this critical orientation of
the sectioning plane. The aims of the present paper are to determine the distribution
of the primary cochlear fibres by searching for the oblique parasagittal plane which
permits the main direction of the fibres to be followed in the brain stem and after
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entering the auditory nuclei, and to establish a correlation between this parasagittal
plane and the appearances in transverse section.

MATERIAL AND METHODS

Twenty five young (150 g) healthy Wistar albino rats were used. All the animals
were anaesthetised with chloral hydrate (0-3 g/kg body weight) and the left cochlea
surgically exposed after opening the bulla. The bone was drilled and 10/ 1 of 30%
aqueous HRP (Type VI, Sigma) were injected over 30 minutes using a glass micro-
pipette connected to a perfusion pump. After the injection, the hole was stoppered
with the micropipette tip, which was left in situ for 60 minutes. Twenty four hours
later, the animals were anaesthetised again with chloral hydrate (0-3 g/kg body
weight) and perfused transcardiacally with 40 ml saline solution, followed by 350 ml
of Karnowsky fixative containing 2% glutaraldehyde and 1 % p-formaldehyde. After
washing with 350 ml 5 % sucrose in 0-1 M phosphate buffer, pH 7 4, the brain stem
was excised and left for an additional 24 hours in 15 % buffered sucrose. The blocks
containing the cochlear nuclei were cut in a Reichert OM-E microtome equipped
with a tilting stage and connected to a carbon dioxide freezing device.
The brain stems of five animals were sectioned in the transverse plane, and the

remaining ones in parasagittal planes. The blocks for transverse sectioning were
fixed to the stage which was tilted until completely symmetrical sections were
obtained. This was considered to be the transverse zero plane. The brain stems of
two animals were sectioned along plane zero and 5 by inclining the stage 5° more
each time.
The inclination planes could not be established with mathematical precision due

to different shrinkages of the blocks according to the degree of freezing. This aspect
was even more troublesome in the parasagittal planes in which the zero plane could
not be established by symmetry and the medial surface obtained after cutting the
piece was never completely sagittal. Accordingly, the number of animals needed to
observe the whole length of the fibres along the parasagittal plane was necessarily
high. The surface fixed to the stage was obtained by sectioning the brain stems
along the medial posterior sulcus.

In every case the sections (25 ,tm thick) were developed with 3,3', 5,5'-tetra-
methylbenzidine (Sigma; Mesulam, 1982) and alternate sections counterstained with
neutral red.

RESULTS

In the parasagittal plane, HRP labelling was more conspicuous in the ventral than
in the dorsal nucleus, which occasionally showed no labelling at all (Fig. 1 A). In the
ventral complex (Fig. 1A), two heavily stained plexuses were prominent; both of
them were composed of such a densely woven network of fibre terminals that the
resolution of individual axons was often impossible, although some empty spaces
surrounded by nest-like axonal arrangements could be seen. As they were located
in the most superficial zones of the anteroventral and posteroventral nuclei, these
have been called here the anterior and posterior primary plexuses respectively.
The origin and topography of these plexuses could be readily established by

examining different series of parasagittal sections cut at different angles (or tilting
planes) to the sagittal reference plane. In the more lateral sections (Figs. 2A, 3A) the
axons of the cochlear root followed a straight course towards the centre of the
ventral nucleus. However, shortly after their entrance into the root, some of them
gave rise to a collateral which ran perpendicularly to the root axis (Figs. 1 A, B,
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Fig. 2. For legend see page 77.
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Fig. 3. For legend see page 77.
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Fig. 4. For legend see opposite.
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that, at this level, the cochlear root is composed of groups of fibres crossing each
other.
The transverse sections confirm the structural organisation demonstrated in the

parasagittal sections. In the most anterior transverse sections, the origin of the fibres
of the anterior bundle is seen stemming at right angles from the principal fibres
(compare Figs 2A and 3A with 4A and B). The fibres crossing from the posterior
bundle (Fig. 3 C) were seen in the transverse sections to be formed by two groups of
axons with different courses in two successive sections (Figs. 4C, D).
The posterior bundle ended in the posterior plexus (Figs. 2C, 3C: arrowheads)

without branching in the cochlear nucleus. The anterior part of the posterior bundle
exhibited a dual destination. The posterior ones (Fig. 2C, 3C: thin arrows) also
ended in the posterior plexus, while the anterior group (Figs. 2C, 3C; thick arrows)
branched throughout the central area of the ventral cochlear nucleus in the V-pattern
described by Cajal (1894) and Lorente de No (1933). This pattern, which was not
present in the most lateral parasagittal sections, was nonetheless prominent in the
more medial planes, even in those where no cochlear root appeared (Figs. 2D, 3D).
At this level, the posterior plexus was highly developed, but showed no connection
at all with the ascending or descending branches of the cochlear axons.

DISCUSSION

The main features of the distribution of primary cochlear afferents in the bulbar
nuclei were established by the pioneer work of Held (1893), Cajal (1900) and Lorente
de No (1933 a, b). According to the latter two authors, the cochlear axons, just after
entering the medulla, divide into two branches, usually known as the anterior
(ascending) and posterior (descending) branches. They related this division to the
localisation of sound perception in the cochlea (Held, 1893; Cajal, 1894, 1900).
According to Lorente de No (1933 a, b) the anterior branches ramify within the

Figs. 2 (A-D)-3 (A-D). Photomicrographs (Fig. 2) and camera lucida drawings (Fig. 3) of tilted
parasagittal serial sections (anteroposterior axis). (A) and (B) are more lateral sections than that
in Fig. 1; (C) and (D) are progressively deeper planes.
(A) The anterior bundle (arrowheads), formed by collaterals emerging at right angles from the

root (R) axons, ends in the anterior plexus (A), which covers the anterior region of the antero-
neutral cochlear nucleus. The posterior plexus (P) is smaller. The central area (*) of the ventral
nucleus shows no labelling.

(B) Branching ofthe cochlear axons on a slightly deeper plane than (A). The anterior bundlehas
disappeared, though the first segment (arrowheads) of its fibres can be seen intermingled at
right angles with the parent axons of the root (R). A, anterior plexus; P, posterior plexus.

(C) Medial section. The fibres of the posterior bundle are arranged in the root in two groups,
anterior and posterior. The posterior group (arrowheads) runs directly to the posterior plexus
(P), where the anterior group of axons (thin arrows) of the posterior bundle also ends. Of the
anterior group of fibres of the posterior bundle, the most anterior fibres do not address the
posterior plexus but give rise to collaterals in a V-shape (*), according to the classical pattern
(thick arrows). DCN, dorsal cochlear nucleus.
(D) The most medial parasagittal sections showing the posterior plexus (P) reaching the

dorsal cochlear nucleus (DCN). The tonotopic pattern (*) is fully developed. (A) and (B), x 190;
(C) and (D), x 240.
Fig. 4 (A-F). Transverse sections. (A, B) Fibres for the anterior bundle (*) commence in the
root (R) and at right angles to the parent axons. (C) Posterior group of the posterior bundle
running parallel to the main axis of the root. Transverse zero plane. (D) Anterior part of the
posterior bundle running in a slightly slanting direction to the axis of the root. Transverse zero
plane. (E-F) Overlapping of the anterior and posterior bundles of the root. Tilted section
(anteroposterior axis) (A), (C), (D) and (E) x 190; (B) and (F) x 250.
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anteroventral cochlear nucleus, while the posterior branches span the posteroventral
cochlear nucleus and the dorsal cochlear nucleus. Short collaterals stem from both
branches and form different terminal arborisations, either the classical endbulbs of
Held (1893) or more delicate fibrillar meshworks, which may or may not be arranged
in a nest-like fashion (Cajal, 1894, 1900, 1909).
The V-branching pattern has been widely confirmed (see Lorente de No, 1981,

for references) and, as claimed by Cajal (1900), it is generally accepted to be the
structural basis for the tonotopic distribution of response to sound stimuli in the
cochlear nuclei (Rose, Galambos & Hughes, 1959).
The only two reports on HRP tracing of primary afferents, performed on fish

(Meredith & Butter, 1983) and hens (Parks & Rubel, 1978), have yielded important
results, but species differences from the rat make any extrapolation extremely
difficult.
The HRP results described in the present paper are basically in agreement with the

Golgi data, and the ascending and descending branches observed (Figs. 2C, D, 3C,
D) correlate closely with the classical interpretation. However, HRP data provide
new features which are worth discussing; these are the anterior and posterior
plexuses.

In the light of the present HRP results, careful examination of the papers based
on the Golgi technique shows that in one way or another part of these new data was
already known, although it was interpreted in a different manner. In fact, Cajal's
drawings (Cajal, 1909, Fig. 330) of the cochlear nuclei show an 'anterior marginal
plexus' (carefully described in his 1900, although not in his 1909, paper), whose
localisation seems to be the same as that of the anterior plexus shown in the present
HRP results.
More recently, Feldman & Harrison (1969), working with rats and using the Golgi

technique, have reported that towards the posterior end of the posteroventral
cochlear nucleus, the fibres of the descending branch converge ventrally to form a
compact bundle situated at the boundary between the posteroventral cochlear
nucleus and dorsal cochlear nucleus, some axons penetrating the latter nucleus. A
certain relationship exists between such data and the present results concerning the
posterior bundle and plexus, although Feldman & Harrison (1969) do not describe
any kind of disposition of axonal terminals which could be considered as a well
defined plexus. On the other hand, this seems easy to understand considering that
only some of the axons in their material were impregnated.
Feldman & Harrison (1969) have also reported the existence of a "system of

collaterals arising from the dorsalmost fibres of the ascending branch. This collateral
system consists of long parallel branches orientated perpendicular to the parent
fibres, and extending upward to the area of the. ventral cochlear nucleus over the
region of the bifurcations".
The HRP results also demonstrate a right angled branching pattern for the

anterior bundle (Figs. 1 A, 2A, 3 A). Though there are certain similarities in structural
detail between the illustrations of Feldman & Harrison (1969) and the results
obtained using HRP, there is also a basic discrepancy since these latter authors refer
to their data on the basis of the classical V-shaped branching pattern, whereas the
peroxidase technique reveals that neither the anterior nor the posterior bundles
follow this pattern.
The anterior plexus lies (Fig. 2A, B, 3 A, B) over the lateral area of region III, the

anterocentral area of region II and in the whole of region I, according to Harrison&
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Irving in the rat (1965, 1966), and partially over the anterior, anteroposterodorsal,
anteroposterior and posterodorsal parts of the anteroventral cochlear nucleus,
according to the division by Brawer et al. (1974) in the cat. Although species
differences should be remembered, it can be assumed that the cytoarchitectonics of
these areas can be extrapolated from the cat to the rat (authors' unpublished data);
in this case, it could be assumed that the cells occupying the territories reached
by the anterior plexus (see above) must also receive the terminal branches of this
plexus. Cell population analysis of the anteroventral cochlear nucleus by Cant &
Morest (1979 a, b), have shown that nearly all the neurons in the anterior and antero-
posterodorsal parts are bushy cells, while in the anteroposterior part this type
accounts for approximately half the total, the remaining neurons being either
stellate or small cells. Nonetheless, the anterior plexus does not completely cover the
anterior and anteroposterodorsal nuclei, so that bushy cells can received different
inputs depending on their location, as has been previously suggested (Brawer &
Morest, 1975). In any case, the anteroventral cochlear nucleus is a synaptic area of
paramount importance, as at least six types of non-cochlear axons end here, besides
the primary afferents (Cant & Morest, 1978). The distribution of the non-cochlear
axons has been settled by Cant & Morest (1978), and in some places it matches the
areas innervated by the anterior plexus, thus modelling precise sites for the con-
vergence of inputs in the anteroventral cochlear nucleus.

SUMMARY

HRP was injected into the cochleae of 25 young albino rats in order to trace the
primary afferents to the bulbar cochlear nuclei. Besides the classic V-shaped pattern
and unconnected with it, HRP labelling revealed two plexuses stemming directly
from the axons of the cochlear root. The plexuses cover the posterior area of the
posteroventral cochlear nucleus (posterior plexus) and the anterolaterodorsal area
of the anteroventral cochlear nucleus (anterior plexus). The fibres giving rise to
these two plexuses were previously grouped in two bundles which have been called
the posterior and anterior bundles, respectively. The origin of the anterior bundle is
typically seen with the fibres stemming out at right angles; the origin and course of
the posterior bundle, which characteristically cross over, is also a typical feature.

This work was supported by grants 1279/82 and 1822/83 of the Spanish Govern-
ment (Fondo Nacional para el desarrollo de la Investigacion Cientifica).
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