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INTRODUCTION

Cochleotopic (or tonotopic) organization is the
systematic representation of the sensory epithelium of the
cochlea within central auditory pathways including cortex.
This central mapping of the sensory surface is a feature of
all sensoiy systems. The organization of these sensory
maps can be significantly modified by abnormal patterns of
excitatory input, particularly during early stages of
development. This has been shown most extensively in
studies on the visual system [1] and in the somatosensory
system [2,3], More recently, studies in the auditory system
have revealed that alterations to cochleotopic maps in
primary auditory cortex can result from cochlear haircell

lesions [4,5], Our previous work has shown that ototoxic
poisoning of the basal cochlear region (i.e. partial
deaflerentation) in newborn kittens results in the

development of major changes to the frequency map in
primary auditory cortex. Thus, regions of cortex which
would normally contain neurons coding high frequencies
(activity originating at cochlear base) has neurons tuned to
lower frequencies. It appears that the establishment of
cochleotopic maps in auditory cortex depends on the
integrity of the pattern of ascending input from the cochlea.
In this study, we ask if this reorganization is a feature only
of the auditory cortex or whether it also exists at the
midbrain level (inferior colliculus; IC).

MATERIALS AND METHODS

Newborn chinchilla pups were treated with the
ototoxic aminoglycoside amikacin, 400 mg/kg/day for 2-4
days s.c., resulting in bilateral lesions to the base of the
cochlea. We monitored auditory threshold elevation using
auditory brainstem evoked responses to tone-pip stimuli
(ABR audiograms). At maturity (6 months) the subjects

were used in single unit electrophysiological recording
studies in which the frequency representation (the
cochleotopic map) at the level of IC was determined. (All

procedures were carried out within the guidelines of the
Canadian Council on Animal Care).

RESULTS AND DISCUSSION

Figure 1 shows the cochleotopic or tonotopic map in
IC of the normal chinchilla. Dorsally, neurons respond best
to low frequencies of sound; in ventral areas, they respond

best to high frequencies. Figures 2 & 3 show the frequency
maps in IC of two subjects treated with amikacin, i.e. with
long-term neonatal high frequency hearing loss (as
indicated by the ABR audiograms). Note in both these
examples that the frequency region corresponding to the
border of the cochlear lesion, and therefore the high
frequency cut-off of the audiogram, is over- represented. In
the subject of Figure 2, this cut-off is at 10 kHz; note the
"expanded" region (cross-hatched area) containing neurons
all tuned 10 kHz. In Figure 3 the cut-off slope of the
audiogram is at about 5kHz; again and the IC contains a
larger than normal region in which all cells are tuned to 5
kHz. It should be noted, however, that the tuning and
threshold characteristics of the neurons in these expanded
regions are pathological, i.e. thresholds are elevated and
frequency tuning is abnormally broad (this is consistent
with previous work on the threshold and tuning properties
of neurons from damaged cochleas, [e.g. 6,7,8],
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Figure 1 Saggital section through inferior colliculus indicating
cochleotopic organization in the normal chinchilla midbrain.

129 .



Dorsal

Figure 2.

Abnormal cochleo-
topic organization

in inferior colliculus
ofamikacin treated

e 05 1 2 4 8 16
chinchilla. FREQUENCY (kHz)
These experiments give us new information in

relation to the basic mechanisms of plasticity of the central
nervous system. The integrity of the cochlea is important
for the development of central frequency maps; changes to
auditory sensory input, particularly from an early age can
significantly alter cochleotopic maps not just at cortex but at
the midbrain level. Furthermore, our experimental subjects
are animal models of human sensorineural hearing loss.
Thus we believe that the changes to central cochleotopic
maps that we observe are to be found in humans with long-
term cochlear hearing loss. There are still many important
guestions in relation to this developmental plasticity. First,
is there a developmental critical period when the central
auditory pathways are most susceptible to changes in
cochlear afferent input? Secondly, are these changes
reversible? The answers to both questions have direct

relevance to the treatment and rehabilitation of hearing
loss, particularly in infants.
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