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PROTECTION OF SPIRAL GANGLION NEURONS 
WITH NEUROTROPHINS AND CHRONIC ELECTRICAL 
STIMULATION
Wise A.K.1, Fallon J.B.1, Evans A.J.1, Andrew J.1, Pettingill L.N.1, Geaney 
M.S.2 and Shepherd R.K.1 
1The Bionic Ear Institute, 384-388 Albert Street, East Melbourne. 2Living 
Cell Technologies, Auckland, New Zealand. 
In the deaf cochlea spiral ganglion neurons (SGNs) undergo continual 
degeneration that ultimately leads to neuron death. The exogenous 
application of neurotrophins (NTs) can prevent SGN degeneration and even 
promote regrowth. Furthermore, combining chronic intracochlear electrical 
stimulation (ICES) with NTs can enhance the survival effects of NTs and 
lower electrical thresholds. However, following the cessation of NT delivery 
SGNs continue to degenerate. Therefore techniques that deliver NTs over 
a long period of time are required to maintain the therapeutic benefit of NT 
treatment. We have used cell-based therapy to provide NTs in combination 
with an intracochlear electrode array in a long-term deafened cat model. 
Cats were neonatally deafened with neomycin, and at two months of age 
were implanted with encapsulated porcine choroid plexus cells (NTCell, 
LCT Inc.) and the stimulating electrode array. The choroid plexus cells 
produce NTs and were encased in alginate capsules that enabled the 
diffusion of NTs into the cochlear fluids. Environmentally derived ICES was 
delivered chronically via a clinical stimulator (Nucleus CI24M, Cochlear™) 
and processor (Esprit 3G, Cochlear™). Five cats received chronic ICES 
only. Six cats received NTs without chronic ICES and six cats received 
NTs in combination with chronic ICES. Control animals (n=7) were normal 
hearing and were not implanted. The results indicated that chronic ICES 
alone (without NTs) did not provide greater SGN survival compared to the 
contralateral untreated cochlea. Importantly, chronic ICES in combination 
with NTs provided greater SGN protection than NTs alone or chronic ICES 
alone (ANOVA P<0.003). Treatment with NTs alone led to an improvement in 
thresholds from electrically evoked brainstem responses (ANOVA P<0.003). 
These results indicate that cell-based NT delivery in combination with ICES 
can promote SGN survival. These findings have important implications for 
future strategies that will combine cochlear implantation with systems that 
deliver drugs safely to the cochlea. This research was funded by The Garnett 
Passe and Rodney Williams Memorial Foundation and the US National 
Institutes of Health (HHS-N-263-2007-00053-C).

EFFECTS OF LONG-TERM DEAFNESS AND 
DELAYED CHRONIC INTRACOCHLEAR ELECTRICAL 
STIMULATION ON THE PRIMARY AUDITORY CORTEX
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Cochlear implant use from a young age is known to alter spectral (spatial) 
and temporal processing in the auditory system. Whether these effects 
are limited to electrical stimulation (ES) that is initiated during the early 
critical periods, or also occurs when ES is commenced after long-term 
deafness, is less clear. Five cats were neonatally deafened via daily 
neomycin injections, and at two months of age implanted a multi-channel 
scala tympani electrode array. Behaviorally relevant ES from a cochlear 
implant was delivered from eight to fourteen months of age. Neuronal 
clusters (n = 300) were recorded in the primary auditory cortex (AI) using 
a combination of single tungsten and multi-channel silicon electrode 
arrays. Spectral processing in AI was assessed by measuring the 
cochlea-to-cortex mapping and temporal resolution was quantified as 
the jitter in response latency and the maximum rate at which clusters 
could be driven. Similar to chronic ES initiated early in life, delayed ES 
had little effect on the basic response properties of AI neurons, but did 
reverse the disruption of the cochlea-to-cortex mapping and reduction 
in maximum driven rate (Mann-Whitney; p < 0.05) resulting from long-
term deafness in the absence of CI use. The late initiation of ES did 
not, however, reverse the increase in the jitter in response latency seen 
with long-term deafness. We hypothesize that the inability of electrical 
activation of the cochlea, after the closure of the normal critical period, 
to reverse the increased jitter in response latency contributes to the 
poorer performance observed among congenitally deaf human patients 
implanted later in life.

FREQUENCY DISCRIMINATION USING 
MICROSTIMULATION OF THE COCHLEAR NUCLEUS: 
A BEHAVIOURAL INVESTIGATION

Morgan S.J. and Paolini A.G. 
Graeme Clark Centre, La Trobe University, Bundoora, Australia. 

This study investigated whether a fear could be conditioned in response to 
discrimination of acoustic tones of alternating frequency. Subsequently it 
was tested whether the response could be evoked by microstimulation of 
the cochlear nucleus. To replicate the effect of alternating tone frequency, 
different frequency-specific sites in the cochlear nucleus were electrically 
stimulated in a similar alternating format. Change in ECG in response 
to stimulus presentation verified the effectiveness of this paradigm for 
the detection of frequency discrimination, and was used as a measure 
of discriminability of both acoustic and electrical stimuli. Preliminary 
findings suggest that electrical stimulation did not achieve similar levels 
of discriminability as acoustic stimulation. This was irrespective of region 
of the cochlear nucleus stimulated, with stimluation locations confirmed 
using 3D modelling of X-Ray CT images, multiunit cluster response, and 
histology. This may reflect the complex mechansims of the cochlear 
nucleus, and suggest that further investigation into stimulation strategies 
is warranted.

TEMPORAL PROPERTIES OF DENDRITIC 
PROCESSING IN OCTOPUS CELLS OF THE 
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Octopus cells in the posteroventral cochlear nucleus detect broadband 
auditory events by performing a coincidence detection across many (>60) 
Auditory Nerve Fibres (ANFs), covering ~1/3 of the ANFs’ tonotopicity. 
It has been suggested that octopus cell dendrites introduce a delay to 
compensate for systematic variation in ANF spike latency, which is a 
known function of Characteristic Frequency (CF). In this study, numerical 
modelling (in NEURON and MATLAB) was used to calculate the Post-
Synaptic Potential (PSP) propagation delay in octopus cell dendrites. 
The model’s parameters were based on published experimental results 
from a number of papers dealing with cats, although the results are 
relevant for most mammals including humans. This study showed that an 
octopus cell dendrite with typical morphology could provide a PSP delay 
of 0.5 ± 0.2 ms. The resulting compensation would allow coincidence 
detection of 0.2 ± 0.1 octaves of the lowest CF ANFs, or 3 ± 0.5 octaves 
of the highest CF ANFs. The uncertainty intervals are dominated by 
the imprecise knowledge of membrane properties of the dendrites of 
octopus cells and of the exact functional relationship between CF and 
spike latency in ANFs. These results support the hypothesis that the 
dendrites are providing a compensatory delay, however, the delay is not 
enough to allow for coincidence detection across 1/3 of the tonotopicity 
at low CF ANFs.


