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Central Projection of the Peripheral Cochlear
Nerve from Each Turn to the Cochlear
Nuclei in the Mongolian Gerbil

Hong-Joon Park' and Hee-Nam Kim*

The central projections of the peripheral cochlear nerve fiber from each turn to the cochlear nuclei
(CN) in the mongolian gerbil were investigated using retrograde transportation of horseradish per-
oxidase (HRP). The organ of Corti and the osseous spiral lamina were scratched with an electrolsi-
cally-sharpened fine needle via a small hole at each turn of the cochlea. The cochlea was filled with
a 30% horseradish peroxidase (HRP) solution. After 48 hours, 50 um transverse serial sections of
the brainstem were made with a vibratome. The tissue was processed with the diaminobenzidine
procedure of the cobalt-glucose method. Our experiment revealed that the fibers from the basal turn
terminated at the dorsomedial portion of anterovemtral cochlear nuclei (AVCN), but those from the
apical turn were distributed among the ventrolateral portion of the AVCN. In the posteroventral
cochlear nucles (PYCN) and dorsal cochlear nuclei (DCN), the fibers from basal to apical turns ex-
tend from the dorsal to the ventral portion of each nudclei. A distinct tonotopic arrangement could
be found between the origin of cochlear fibers of each turn and their termination in the regions of
the cochlear nuclei (CN). Also, the results suggested that the scratch method combined with retyo-

grade transportation of horseradish peroxidase was wuseful in investigating the tomotopic
arrangement of the peripheral auditory nerve in the CN.
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The auditory nerve fibers extend -along the
basilar membrane into the cochlear nuclear
complex in the brainstem. It is very important
to understand the precise projection patterns
of this projection because the cochlear nucleus
(CN) is the first relay station for central pro-
cessing of auditory information. Olsen (1970)
and Evans (1972) describe the tonotopic orga-
nization within the division of the CN. They
claimed that the termination of the primary
cochlear nerve fibers in each CN occurs with
low-frequency fibers projecting ventrally and
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high-frequency fibers projecting dorsally. Such
methods as tracer, and degenerative study are
applied to investigate the projecting patterns
of the CN in various animals. Jones &
Casseday (1978) used autoradiography to de-
scribe the general patterns of the peripheral
auditory nerve projection into the cochlear nu-
cleus in cat by injecting tritiated amino acids
into the cochlea.

In the 1980’s, Martin et al injected HRP into
the spiral ganglion cell and traced the projec-
tion of peripheral auditory fibers into the
cochlear nucleus. This team also found a
tonotopic organization for high to low
chracteristic frequencies for dorsoventral di-
rection. In this study, the authors investigated
the projecting patterns of each cochlear turn
into the cochlear nuclei using retrograde
transportation of horseradish peroxidase
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(HRP), and analyzed the distribution of pri-
mary cochlear nerve fibers in each cochlear
nucleus in the mongolian gerbil.

MATERIALS AND METHODS

Twenty ears from healthy adult mongolian
gerbils each weighing 65~70g were used in
this study. The animals were anesthetized
with an intramuscular injection of xylazine
(8 mg/kg) and ketamine (40 mg/kg). The bulla
was exposed and opened by the postauricular
approach. Each cochlear turn was identified
under a Zeiss operating microscope without
any damage to the stapedial artery. The
ventrolateral aspect of each cochlear turn
(scala tympani) was punctured using a Imm
diameter diamond burr. Then, with an electro-
lytically-sharpened fine needle, the osseous
spiral lamina and organ of Corti were
scratched. By only making a small hole, we
avoided scratching the cochlea for control

Anteroventral Cochlear Nucleus

study. The cochlea was filled with a 30%
HRP solution (Sigma VI) for ten minutes and
the hole was then sealed off with subcutane-
ous fat tissue. After 48 hours, we fixed the
brainstem by intracardiac perfusion with a
200cc mixture solution of 2% paraformal-
dehyde and 025 % glutaraldehyde. After
embedding in 5% agar, we dissected the
brainstem with a vibratome (Series 1000, In-
ternational INC. St. Louis, USA) to make 50
pm transverse serial sections. Each section
was exposed to the diaminobenzidine proce-
dure of the cobalt-glucose oxidase method
(Itoh et al. 1979). Toluidine blue was used to
indicate counterstaining. Camera lucida draw-
ings were made of each section and data of
each individual area were analysed with a
VIDS VI program.

RESULTS

Three major CN receive primary afferent fi-

Middle T.
Fig. 1. Projection patterns of the primary auditory nerve fibers from each turn of the cochlea into the cochlear nu-

clei in the AVCN.

Above: transverse section of the brainstem; red line square indicates the area of AVCN (X25). Below: projec-
tion of primary fibers from basal (left), middle (center) and apical turn (right) (ved arrow) (X 100).
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Posteroventral Cochlear Nucleus

Fig. 2. Projection patterns of the primary auditory nerve fibers from each turn of the cochlea into the cochlear nu-

clei in the PVCN.
Above: transverse section of the brainstem; red line square indicates the area of PVCN (X25). Below: projec-
tion of primary fibers from basal (left), middle (center) and apical turn (right) (ved arrow) (X 100).

Dorsal Cochlear Nucleus
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Fig. 8. Projedtion puiterns of ke primary audilory merve Tibers from each turn al the cochlea e the ¢
dei in the DUN.
Above: transverse section of the brainstem; red line squave indicates the area of DCN (X25). Below: projec-
tion of primary fibers from basal (left), middle (center) and apical turn (right) (ved arrow) (X 100).
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Table 1. Proportion of primary cochlear nerve fi-
bers in each CN from each turn of the
cochlea (%)

Apical turn Middle turn Basal turn

AVCN 46.7 46.0 478
PVCN 349 34.1 40.0
DCN 18.4 19.9 12.2

bers at each turn of the cochlea. The primary
cochlear nerve fibers from the basal turn of
the cochlea are projected into the dorsomedial
region in a band-like pattern, while those
from the apical turn are projected into
ventrolateral region in the AVCN. The inter-
mediate region is innervated by fibers from
the middle turn (Fig 1).

The neurons from the dorsal portion of the
PVCN are synapsed with fibers from the
basal turn, while those of the ventral portion
are synapsed with fibers from the apical turn.
Fibers from the middle turn are distributed to
the intermediate region (Fig 2).

In the DCN, the primary cochlear nerve fi-
bers from the basal turn of the cochlea pro-
jected into the dorsomedial region, but the fi-
bers from the apical turn projected into the
ventrolateral region. The fibers from the mid-
dle turn projected into the intermediate region
between the basal and apical turns (Fig 3).

The proportion of primary cochlear nerve
fibers in each CN was calculated by distribu-
tion area. Most of the fibers from each turn
were distributed to the AVCN and the PVCN.
Only 10~20% fibers were distributed to the
DCN (Table 1).

DISCUSSION

There have been numerous reports regard-
ing the central projection of the cochlear
nerve since Lorente de No (1933) described
the arrival of the cochlear fiber in vi;he medul-
la within the anatomy, of the eight nerve in
rabbit. He observed that the highest point of

the ventral nucleus corresponds to the apical’
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region and that the lowest point to the basilar
part of the ganglion. Culler (1935) and Stevens
(1935) also noted the tonotopic arrangement of
the organ of Corti Compared to previous
studies, the topographic projection of the
cochlear nerve fibers into the cochlear nuclei
in mammalian animals was consistent. The fi-
bers from the basal turn of cochlea terminate
dorsomedially and those of the apical turn,
ventrolaterally in the cochlear nuclear com-
plex (Rasmussen et al. 1960; Sando 1965 Van
Noort 1969). These results were quite similar
to our results.

The gerbil was chosen as the experimental
animal because its large bulla allows for easy
access to the cochlea (Lay 1972), along with
the fact that it has a similar low frequency
threshold as humans (Ryan 1976). Their audi-
tory function may be more encephalized rela-
tive to other rodents (Frisina et al. 1982).

In general, the experimental modes used to
analyze the central projection of the peripher-
al nerve were degeneration, and tracer meth-
ods. There are several cochlear projection
studies using the degenerative method (Lewy
and Kobrak 1936; Webster 1971; Moskowitz &
Liu 1972, Noda & Pirsig 1974). Unfortunately,
the process requires time to induce degenera-
tive changes on the nervous system. Among
tracer methods, HRP is rapidly absorbed by
nerve terminals, as well as by axons at the
site of axonal injury, and is transported in a
retrograde direction (Aldskogius. 1983). It is
easy to use, and 48 hours is sufficient for it
to transport into the gerbil’s auditory system.

Lee et al. (1989) used the scratch method to
label HRP in the vestibular system. The
scratch was made by with an eletrolytically-
sharpened fine needle in the vestibular senso-
ry epithelium. With this technique, it was pos-
sible to distinguish the central projection from
the central and peripheral portion of the cris-
ta ampullaris in the lateral canal (Park et dl.
1992). Application of the scratch technique
made it possible to make a precise lesion on
each turn of the cochlea.

Over 80% of primary cochlear fibers from
each turn projected into the VCN; in contrast,
less than 20% of the fibers projected into the
DCN. Frisina e al. (1982) recorded the fiber's
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volume ratio in the VCN and DCN. The re-
port noted that the relative size of the DCN
decreases with phylogenetic development. Fur-
thermore, they calculated that in the gerbil,
the ratio is 3.9. This is consistent with our
results. The possible significance of these
results was that for lower mammals, relative-
ly high-level processing takes place in the
DCN, whereas in higher mammals, the DCN
may not be involved in high-level processing.
Rather, this process may take place in the au-
ditory centers of the brainstem in the higher
mammals (Osen. 1969).

In summary, we confirmed that our results
were consistent with those for other mamma-
lian species. A distinct tonotopic arrangement
between the origin of cochlear fibers of each
turn and their termination in the regions of
the CN were found. Moreover, we suggest
that the scratch method of end-organs in
combination with retrograde transportation of
horseradish peroxidase was useful for investi-
gating the tonographic arrangement of the pe-

ripheral auditory nerve in the cochlear nucle-

us.
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