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SESSION 1: HEARING LOSS 
 
PERSISTENT HAIR CELL MALFUNCTION CONTRIBUTES TO HIDDEN HEARING 
LOSS 
 
Ian Chin1, Wilhelmina Mulders1,2 and Donald Robertson1 
 
1The Auditory Laboratory, School of Human Sciences, The University of Western 
Australia, Nedlands, WA, 6009, Australia; 2Ear Science Institute Australia, 1/1 
Salvado Rd, Subiaco, WA, 6008, Australia 
 
Noise exposures that result in fully reversible changes in cochlear neural threshold 
can cause a reduced neural output at supra-threshold sound intensity. This so-called 
“hidden hearing loss” has been shown to be associated with selective degeneration 
of high threshold afferent nerve fiber-inner hair cell (IHC) synapses. However, the 
electrophysiological function of the IHCs themselves in hidden hearing loss has not 
been directly investigated. In anaesthetized guinea pigs using procedures approved 
by the UWA Animal Ethics Committee, we have made round window (RW) 
measurements of the input-output functions of cochlear action potentials (CAP) and 
summating potentials (SP) after two levels of a 10 kHz acoustic trauma. The more 
intense acoustic trauma lead to notch-like permanent threshold changes and both 
CAP and SP showed reductions in supra-threshold amplitudes at frequencies with 
altered thresholds as well as from fully recovered regions. However, the 
interpretation of the results in the normal threshold regions was complicated by the 
likelihood of reduced contributions from adjacent regions with elevated thresholds. 
The milder trauma showed full recovery of all neural thresholds, but there was a 
persistent depression of the amplitudes of both CAP and SP in response to supra-
threshold sounds. The effect on SP amplitude in particular shows that occult damage 
to hair cell transduction mechanisms can contribute to hidden hearing loss. Such 
damage could potentially affect the supra-threshold output properties of surviving 
primary afferent neurons.  
  



INVESTIGATING ASK1 AS A DRUG TARGET FOR THE PREVENTION OF 
ACQUIRED HEARING LOSS 
 
Jacqueline M Ogier1, Bryony Nayagam2 and Rachel Burt1 
 
1Murdoch Childrens Research Institute, The Royal Children’s Hospital, Parkville, 
Australia; 2Dept. Audiology and Speech Pathology, University of Melbourne and 
Bionics Institute, East Melbourne, Australia 
 
Aminoglycoside antibiotics and platinum based chemotherapeutics induce the death 
of cochlear hair cells. However, the process by which hair cells die remains 
uncertain. JNK and BAK have been implicated as hair cell death mediators, but 
upstream apoptotic regulators such as Apoptosis signal-regulating kinase 1 (ASK1) 
are yet to be investigated in the ear. We hypothesise that inhibition of ASK1 will 
prevent sensory cell death and protect against ototoxic drug-induced hearing loss.  
 
The aims of this project are (1) To investigate the effect of ASK1 deficiency on 
resistance to aminoglycoside-induced sensory cell death, (2) To develop an in vivo 
model of amikacin ototoxicity in mice, (3) To investigate the efficacy of ASK1 inhibitor 
GS-444217 in promoting sensory hair cell survival, (4) To assess the efficacy of 
aminoglycoside antibiotics when co-administered with GS-444217.  
 
Methods: MCRI Animal Ethics approval number A844 
In vitro- P4 ASK1 KO cochlear explants were cultured in neurobasal medium 
containing neomycin (400 µM - 1 mM) or DMSO for 24 - 72 hours. Hair cell counts 
were performed on mid turn segments. 
In Vivo- Amikacin was delivered I.V at a dose of 40 – 120 mg/kg for 12 days. Hearing 
was assessed using the Auditory Brainstem Response.  
 
Results: 1) ASK1 deficiency has no effect on development of the ear and hearing; 2) 
ASK1 deficiency protects cochlear explants against ototoxic aminoglycosides in vitro; 
3) Mice withstand daily I.V. administration of 40 – 120 mg/kg amikacin for 12 days. 
Preliminary investigation shows ASK1 deficiency attenuates neomycin induced hair 
cell death in vitro. In vivo studies are currently underway. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DESCRIBING THE EFFECTS OF ASYMMETRIC HEARING LOSS ON NEURONAL 
MORPHOLOGY IN THE CENTRAL NUCLEUS OF THE MOUSE INFERIOR 
COLLICULUS 
 
Jason Mikiel-Hunter1,2*, Kiera Grierson1*, Aaron Phillips1*, Berenice Gandit1, Michael 
Muniak1 and David Ryugo1,3 
 
1Garvan Institute, Darlinghurst, NSW, Australia; 2Faculty of Linguistics, Macquarie 
University; 3School of Medical Sciences, University of New South Wales, Sydney, 
NSW, Australia. 
 
The central nucleus (CNIC) is the largest subdivision of the inferior colliculus and is 
fundamental to the processing of all ascending auditory information. Its tonotopically-
organized laminae have been described as consisting of two main morphological 
classes of neurons: “stellate” cells whose dendrites span multiple laminae and “disc-
shaped” cells whose dendritic arborizations are oriented in parallel to the laminae 
(Oliver, 1984; Malmierca et al, 1993). Unilateral cochlear ablation causes 
upregulation of neuronal activity in the CNIC ipsilateral to the normal hearing ear 
(Kitzes and Semple, 1985; McAlpine et al, 1997, Vale et al, 2004) and changes to 
the axonal input patterns to the CNICs’ laminae (Gabriele et al, 2000). There are, 
however, sparse data that addresses morphological changes to CNIC neurons and 
their dendritic trees. We have been studying CNIC neurons in CBA mice after one of 
two forms of early postnatal hearing loss: cochlear ablation at P12 or ligation of the 
external auditory meatus at P30. Golgi-Cox staining has been performed on the 
brain tissue harvested 60 days after deafening. Labeled neurons are reconstructed 
in 3D using Neurolucida and we are exploring principal component analyses as a 
means of quantifying the orientation of dendritic trees and then placing them within a 
3D model of the mouse CNIC developed in our group. All animal experiments were 
approved by the Animal Ethics Committee of the Garvan Institute of Medical 
Research and St Vincent’s Hospital, University of New South Wales. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONTRALATERAL VERSUS IPSILATERAL SUPPRESSION WITH KNOCKOUT 
OF A PERIPHERIN TYPE III INTERMEDIATE FILAMENT PROTEIN 
 
Jennie ME Cederholm1, Chamini J Perera1, Kristina E Parley1, Ann Wong1, Matthias 
Klugmann1, Shaun Sandow2, Jean-Pierre Julien3, Allen F Ryan4 and Gary D 
Housley1 

 
1Translational Neuroscience Facility & Department of Physiology, School of Medical 
Sciences, UNSW Sydney, Australia; 2Inflammation and Healing Cluster, Faculty of 
Science, Education and Engineering, University of the Sunshine Coast, 
Maroochydore, Australia; 3Department of Psychiatry and Neuroscience, Laval 
University, Institut Universitaire en santé mentale de Québec, Canada; 4Departments 
of Surgery & Neuroscience, University of California San Diego, and Veterans 
Administration Medical Center, La Jolla, CA, USA. 
 
The high sensitivity and frequency selectivity of the mammalian hearing is dependent 
upon neural control of the outer hair cell-based ‘cochlear amplifier’, where sensory 
input from the cochlea drives medial olivocochlear (MOC) efferent suppression of 
outer hair cell (OHC) electromotility; measurable as a reduction in distortion product 
otoacoustic emissions (DPOAEs) when contralateral sound is presented. This 
brainstem reflex allows for balancing hearing between ears, aids in discrimination of 
sound sources over background noise, enables sound localisation and protects the 
cochleae from loud noise. We recently provided evidence that this MOC reflex is 
driven by sensory input from the cochlear type II afferent spiral ganglion neurons 
(SGNs) (Froud et al, 2015), which express the type III intermediate filament 
peripherin (Prph), and innervate the OHCs. This is based on the absence in Prph 
knockout mice, of contralateral and ipsilateral suppression of the quadratic (f2-f1) 
DPOAEs (reflecting the operational point of the cochlear amplifier). In the current 
study, we extended our characterisation of the functional phenotype of the PrphKO 
mice by analysing the cubic (2f1-f2) DPOAE (cochlear amplifier gain) with 
contralateral and ipsilateral noise. While the amplitude of cubic DPOAE contralateral 
suppression was equivalent to the quadratic DPOAE response in wildtype (WT) 
mice, adaptation rate was faster. Ipsilateral suppression of the cubic DPOAEs could 
not be measured in the WT mice, likely due to adaptation, while as reported, 
reduction in quadratic DPOAEs lasted several minutes after cessation of ipsilateral 
noise. Overall, given that absence of expression of peripherin disrupts the synaptic 
connections between the OHCs and the type II SGNs, it seems likely that neural 
feedback regulation of the cochlear amplifier via the MOC reflex is largely driven by 
OHC coding of the cochlear amplifier performance (a closed loop). Funded by 
NHMRC APP1052463. Approved by the UNSW Sydney Animal Care and Ethics 
Committee. 
 
 
 
 
 
 
 
 
 



SESSION 2: SPEECH PERCEPTION & SOUND LOCALISATION 
 
PITCH PERCEPT IN CHILDREN WITH WORD READING DIFFICULTY 
 
Rakshita Gokula1, Mridula Sharma1, Linda Cupples1, 2 and Joaquin T Valderrama1, 3 

 
1Macquarie University, 2ARC Centre for Excellence in Cognition and its Disorders 
(CCD), 3National Acoustic Laboratories, New South Wales, Australia 
 
Pitch, the perceptual interpretation of the frequency of a sound, has been shown in 
literature to have links with language learning and acquisition of reading (Bailey and 
Snowling, 2002). How well the percept of pitch guides perception of the sound 
signals in children with reading difficulty is not yet completely understood. The 
current research identifies the differences between perception of pitch between 
typically developing children and children with word reading difficulty. 28 children 
were tested in the control and the word reading deficit groups. The percept of the 
pitch was measured using EEG with Iterated Rippled Noise (IRN) as the stimulus. 
The strength of the pitch in the stimulus was varied by increasing and decreasing the 
number of iterations of the IRN. The Acoustic Change Complex measured as the 
change in the stimulus was compared between the groups. Results revealed that 
children with word reading difficulties are comparatively worse at appreciating the 
pitch encoded in a signal. The findings suggest that children with word reading 
difficulty may be facing difficulty in reading not solely due to poor phonological 
processing, language processing or auditory percept concerns, but instead may 
have a subliminal deficit at the level of pitch percept itself. The study was conducted 
after receiving approval from the Macquarie University Human Research Ethics 
committee. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



N400 RESPONSES IN INDIVIDUALS WITH NORMAL HEARING WITH AND 
WITHOUT LISTENING CONCERNS  

 
Shivali Appaiah Konganda1,2, Mridula Sharma1,2, Joaquin Tomas Valderrama 
Valenzuela1,2,3, Elizabeth Beach2,3, Jessica Monaghan1, John Newall1 and Gitte 
Keidser2,3 

 

1Department of Linguistics, Macquarie University, NSW, Australia; 2HEARing Co-
operative Research Centre, Australia; 3National Acoustic Laboratories, Australian 
Hearing, Australia 
 
Speech understanding in noise is a complex task that involves a wide range of 
factors, like the correct neural encoding of sounds in the periphery of the auditory 
system and cognitive factors like attention, working memory, and language. Current 
methods of evaluating listening-in-noise problems are based on subjective 
questionnaires/tests, which can be affected by individual bias and recall errors. The 
aim of this study was to evaluate the efficiency of the N400 ERP as a potential 
objective indicator of speech understanding-in-noise problems. The N400 is shown 
as a negative deflection that can be elicited by words incongruent with their context, 
thus indicating semantic understanding. Participants consisted of twenty individuals 
with normal hearing (18 - 50 years, 6 males) and twenty with normal hearing and 
listening concerns (18 - 70 years, 7 males) according to an online survey developed 
by the research group. Sixty-four channel EEG was carried out on all the participants 
using semantically congruent and incongruent sentences. N400 magnitude was 
estimated as the area under the curve between the ERPs elicited by incongruent and 
congruent sentences in the time frame [0.4 - 0.8] seconds following the onset of the 
critical word. Preliminary analysis of results showed that despite a visual difference 
in the grand-average ERPs in frontal EEG channels, group analysis showed no 
statistically significant difference. Further analyses including clusters (groups of EEG 
channels) may clarify the potential of the N400 as an objective measure of speech 
understanding. This study was conducted with ethics approval from the Macquarie 
University Human Research Ethics Committee. 
  



CHANGES IN ITD RESPONSE WITH VARYING ILD 
 
Alexander Thompson, Dexter Irvine and James Fallon 
 
Bionics Institute, East Melbourne, VIC, Australia 
 
Interaural time differences (ITDs) and interaural level differences (ILDs) provide 
important cues for sound localisation. Substantial work has been performed to 
investigate ITD neural coding from acoustic and electrical stimuli in the inferior 
colliculus (IC). However, the effect of ILD on ITD encoding with electrical stimulation 
has not been explored. To address this, we recorded responses in the cat inferior 
colliculus to intracochlear electrical stimulation. Two cats were neonatally deafened, 
bilaterally implanted at two months of age and stimulated for six months with clinical 
cochlear implants. Responses to bilateral stimulation with varying ITDs (±500 μs) 
and ILDs (±20 CL) were recorded, using two 32 channel probes along the 
cochleotopic axis of the IC. All experimental procedures involving animals were 
performed in accordance with the Australian Code of Practice for the Care and Use 
of Animals for Scientific Purposes and were approved by the Royal Victorian Eye 
and Ear Hospital Animal Research and Ethics Committee. ITD sensitivity varied with 
ILD and current levels. At the best ILD and current level, only 32% of units were 
sensitive to ITDs. However, across all ILD and current levels tested, 48% of units 
were sensitive to one or more stimuli combinations. The maximum ITD sensitivity of 
some units varied with changes in ILD. These results suggest that previously 
reported ITD sensitivities may have been underestimated as typically only a single 
ILD has been used. This work was funded by the NHMRC and supported by the 
Victorian Government through its Operational Infrastructure Support Program. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SESSION 3: VESTIBULAR SYSTEM & COCHLEAR IMPLANT 
 
SUPPRESSION OF THE VESTIBULAR SHORT LATENCY EVOKED POTENTIAL 
WITH ELECTRICAL STIMULATION OF THE CENTRAL VESTIBULAR SYSTEM 
  
Christopher J Pastras1, Ian S Curthoys2 and Daniel J Brown1 

 
1The Meniere’s Laboratory, Sydney Medical School, The University of Sydney, 
Sydney, NSW, 2050, Australia; 2Vestibular Research Laboratory, The University of 
Sydney, School of Psychology, Sydney, NSW, 2050, Australia 
 
Objective: Study the effects of the Efferent Vestibular System (EVS) on peripheral 
dynamic vestibular function, in vivo.  
 
Methods: All experiments were approved by the University of Sydney Animal Ethics 
Committee (Protocol #829). Here we have monitored the Vestibular short-latency 
Evoked Potential (VsEP) evoked by Bone-Conducted Vibration (BCV) during 
electrical stimulation of the EVS in anaesthetized guinea pigs. 
 
Results: ES of the EVS resulted in a suppression of the VsEP in all animals, at a 
threshold of approximately 80 µA. The suppression occurred with ES localized to a 
small region at the ipsilateral floor of the fourth ventricle, lateral of the facial nerve 
genu. VsEP suppression occurred following a single ES pulse, and the level of 
suppression varied with current strength and shock delay. The VsEP amplitude was 
suppressed by more than 50% when the delay between the ES and the VsEP was 
less than 3 ms, but there was little suppression with delays greater than 10ms. The 
VsEP threshold and latency did not change during ES, irrespective of rate or level. 
Strychnine and DMPP treatment failed to block the VsEP suppression, despite 
blocking CAP suppression with midline stimulation. Finally, ES produced a nerve 
response (ECAP) immediately following the ES artefact, whose amplitude correlated 
closely with the VsEP suppression.  
 
Conclusion: Ultimately, we suggest the observed VsEP suppression results from 
antidromic stimulation of the afferent neurons, causing neural blockade of the 
afferent response (VsEP). All other attempts to induce effects using ES in the 
brainstem failed to produce any changes in the VsEP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DUAL REPORTER PLASMID EXPRESSION USING BIONIC ARRAY DIRECTED 
GENE ELECTROTRANSFER PROBES COCHLEAR MESENCHYMAL CELL FATE 
 
Jeremy Pinyon1, Matthias Klugmann1, Nigel Lovell2 and Gary Housley1 

 
1Translational Neuroscience Facility and Department of Physiology, School of 
Medical Sciences, UNSW Sydney, Australia; 2Graduate School of Biomedical 
Engineering, UNSW Sydney, Australia 
 
Electrotransfer of naked plasmid DNA offers advantages over viral-based 
approaches for gene therapy, but is affected by efficiency of translocation of the DNA 
across the cell membrane, potential interaction of cellular machinery with foreign 
DNA, and cell division. This study assessed transgene expression using dual 
reporter plasmid Bionic array-Directed Gene Electrotransfer (BaDGE™) in HEK293 
cells, and in guinea pig cochlear mesenchymal cells, which are a gene therapy 
target. A functional plasmid copy number of ~ 64 was established in HEK293 cells by 
co-transfecting with mCherry and GFP reporters under CMV-actin-globin (CAGp) 
promoters, where cell division diluted plasmids towards discrete red or green 
channels from 100% co-expression, to 10%, over 24 days (~ 17 cell cycles). Cross-
talk between plasmids was identified by interchanging a cytomegalovirus promoter 
(CMVp)-driven GFP plasmid for the CAGp-GFP plasmid. Here, the total number of 
transfectants increased and a high proportion only expressed CMVp-GFP, with co-
expression declining to ~15%. While the dual CAGp cocktail showed peak co-
expression at 8 days, and peak GFP-only expression at 16 days, when the CMVp-
GFP plasmid was substituted in, expression driven by both promoters decreased 
earlier. In cochlear mesenchymal cells, in vivo BaDGE™ using CAGp-mCherry and 
CMVp-GFP resulted in ~ 50% co-expression, which was stable as transfectant 
numbers diminished. This is consistent with a lack of mitosis in the cochlear 
mesenchymal cells, and shows that cell type is a factor in plasmid interaction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



INTRAOPERATIVE FORCE AND ELECTROCOCHLEOGRAPHY 
MEASUREMENTS IN AN ANIMAL MODEL OF COCHLEAR IMPLANTATION 
 
Jonathon Lo1, Christo Bester1,2, Aaron Collins1, Carrie Newbold1,3, Amy Hampson1, 
Scott Chambers1, Hayden Eastwood1 and Stephen O’Leary1,2 
 
1Department of Otolaryngology, University of Melbourne, Melbourne, VIC, Australia; 
2Royal Victorian Eye and Ear Hospital, Melbourne, VIC, Australia; 3The HEARing 
CRC, Carlton, VIC, Australia. 
 
Objective: This study examines the relationships between intraoperative recordings 
(of insertion force and electrocochleography), trauma, and hearing loss after 
cochlear implantation.  
 
Method: Thirty-two normal-hearing guinea pigs were randomly implanted with 
electrode arrays of differing stiffness (‘hard’ or ‘soft’). These arrays used an 
intracochlear electrode to record electrode insertion force and electrocochleography 
responses to a multi-frequency acoustic stimulus during implantation. Subsequent 
hearing loss was assessed using electrocochleography recordings from the round 
window membrane at 4 weeks. Cochleae were harvested and imaged with thin sheet 
laser imaging microscopy and procedures were performed in accordance with the 
Animal Research Ethics Committee of RVEEH (project 15\335AU). 
 
Results: A decrease in the ‘intraoperative’ CAP amplitude preceded the reporting of 
insertion resistance by the surgeon by 5.94 s (±4.03 s SEM). Intraoperative CAP 
declines were also correlated with higher grades of trauma (r = 0.56, p < 0.01) and 
greater hearing loss (r = 0.56, p < 0.01). This relationship was not repeated with 
intraoperative cochlear microphonics. A rise in intraoperative force, which preceded 
the reporting of resistance by 0.71 s (±0.15 s SEM), was correlated with trauma (r = 
0.400, p = 0.04) but not hearing loss (r = 0.297, p = 0.27).  
 
Conclusion: Preserving intraoperative CAP amplitudes during implantation was 
predictive of an atraumatic insertion and reduced post-implantation hearing loss. A 
rise in force usually preceded the reporting of resistance, although by less than one 
second. These results suggest that intraoperative CAPs may offer a more robust 
feedback mechanism for improving hearing preservation rates than cochlear 
microphonic and electrode insertion force recordings, especially considering the 
rapid changes in insertion force and relatively slow human reaction times.  
 
 
 
 
 
 
 
 
 
 
 
 



OTOPROTECTIVE EFFECT OF NANOPARTICLE DELIVERED ADENOSINE A2A 
RECEPTOR AGONIST IN A COCHLEAR IMPLANT GUINEA PIG MODEL 
 
Ravindra S Telang1, Srdjan M Vlajkovic 1, Philip Bird 2, Andrew Wise3, Frank Caruso4 
and Peter R Thorne1 

 
1Department of Physiology, School of Medical Sciences, University of Auckland, 
New Zealand  
2Department of Surgery, University of Otago, Christchurch, New Zealand  
3Bionics Institute, Melbourne, VIC, Australia  
4Department of Chemical and Biomedical Engineering, University of Melbourne, 
Melbourne, VIC, Australia. 
 
The residual low frequency hearing loss that accompanies cochlear implantation is 
often linked to oxidative stress and inflammatory response consequently reducing 
the efficacy of the implant. Here we have investigated the impact of adenosine A1 
and A2A receptor agonists as potential treatment strategies for surgical cochlear 
injury. Adenosine amine congener (ADAC) has been shown to reduce noise- and 
drug-induced cochlear injury by activating A1 receptors. Regadenoson is a FDA 
approved A2AR agonist with a strong anti-inflammatory potential. Both compounds 
were tested in a cochlear implant guinea pig model. Guinea-pigs were deafened by 
exposure to traumatic noise (16 kHz, 120 dB SPL, 30 min) which causes profound 
high frequency hearing loss. A dummy (non-stimulating) electrode array was 
implanted via a cochleostomy to model tissue injury and residual hearing loss. 
Nanoparticles loaded with either ADAC or Regadenoson, were introduced along with 
the implant during surgery. Hearing loss was assessed at 2 and 4 weeks post-
implantation. These studies were approved by the University of Auckland Animal 
Ethics Committee. Cochlear implantation resulted in low frequency (2 - 8 kHz) 
hearing loss 2 weeks post-implantation, which was exacerbated at 4 weeks. 
Regadenoson significantly (p < 0.01) reduced low frequency hearing loss at 4 weeks 
by about 18 dB at 4 kHz. ADAC treatment slightly decreased hearing loss at 4 
weeks, which was not significant. Low frequency hearing loss was attenuated by a 
selective A2A receptor agonist Regadenoson. These preliminary data indicate that 
stimulation of A2A adenosine receptors may be a promising approach to protect 
residual hearing after CI surgery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SESSION 4: AUDITORY DEVELOPMENT 
 
DEVELOPMENT AND FUNCTION OF THE AUDITORY CORTEX IN A MOUSE 
MODEL OF AUTISM SPECTRUM DISORDER 
 
Juliette E Cheyne1,2, Peter R Thorne1 and Johanna M Montgomery2 

 

1Auditory Neurobiology Research Group, University of Auckland, Auckland, New 
Zealand; 2Synaptic Function Research Group, University of Auckland, Auckland, 
New Zealand  

 
Autism Spectrum Disorders (ASD) are a set of developmental disorders defined by 
impaired learning, sensory disorders, communication difficulties, social deficits and 
stereotyped behaviours. The social and communication difficulties in ASD are 
thought to be due to the distorted processing of sounds, which in turn impairs 
language abilities. Because ASD symptoms appear during infancy, it is crucial to 
examine how brain development is altered, as this could underlie behavioural 
deficits. We hypothesise that the auditory cortex circuitry develops incorrectly in 
ASD, which results in abnormal neuronal connectivity and impaired ability to process 
sound. The auditory cortex develops in two distinct phases. The first phase occurs 
before the onset of hearing and is driven by spontaneous activity in the cochlea. This 
spontaneous activity before the onset of sensory perception is known to be vital for 
the correct wiring of developing networks. The second phase occurs after hearing 
onset and involves the further refinement of connectivity by sensory experience. 
During this time a complex sound experience is important for correct formation of 
tonotopic maps in the auditory cortex. Using in vivo calcium imaging and whole cell 
recording we are examining whether spontaneous activity and tonotopic mapping is 
altered in the auditory cortex in an ASD mouse model (Shank3 knockout). A better 
understanding of changes in the development and function of the auditory cortex 
may provide new ways to improve communication and social difficulties in ASD in 
the future.  
 

 

 

 

 

 

 

 

 

 

 



EFFECT OF ACOUSTIC ENVIRONMENTS ON AUDITORY NERVE 
DEVELOPMENT IN CBA MICE 

 
Kiera Grierson1, Michael Muniak1 and David K Ryugo1,2,3 

 

1Garvan Institute, Darlinghurst, NSW, Australia; 2School of Medical Sciences, 
University of New South Wales, Sydney, NSW, Australia; 3ENT Department, St. 
Vincent’s Hospital, Darlinghurst, NSW, Australia 
 
The early stages of postnatal development are critical because sensory circuitry is 
strengthened and refined in an experience-dependent manner. It has been 
established that exposure to an abnormal acoustic environment during this critical 
period may corrupt an organism’s development resulting in poor frequency 
discrimination, atypical timing properties, and degraded tonotopicity. Research on 
this issue, however, has largely ignored subcortical influences where the root causes 
of these effects may reside. This study will investigate the effects of rearing normal-
hearing mice in different acoustic environments on the development of the endbulb 
of Held. The endbulb is a large, highly arborised structure with numerous axosomatic 
synapses, formed by myelinated auditory nerve fibers. This structure is responsible 
for the high-fidelity transmission of acoustic information into the brain. CBA mice will 
be reared from P0 to P120 in either (1) continuous white-noise presented at 70 dB 
SPL or (2) random ‘natural’ sounds, supplemented with synthetic tones to span the 
range of mouse hearing at an average intensity of 55 dB SPL. At the end of the 
stimulation period, auditory nerve fibers will be stained with Neurobiotin and 
endbulbs analysed for shape factor, a quantitative indicator of structural complexity 
utilizing endbulb volume and surface area. We hypothesise that noise-reared 
animals will exhibit endbulbs with abnormal morphology, which reflect the impact of 
an impoverished acoustic environment on the development of this important synaptic 
ending. All animal work has been approved by the Animal Ethics Committee of the 
Garvan Institute of Medical Research and St. Vincent’s Hospital, University of New 
South Wales, Australia. 
  



CDO REGULATES PILLAR CELL FORMATION IN COCHLEA AS 
TRANSMEMBRANE RECEPTOR OF SHH SIGNALING  
 
Elaine YM Wong1,2,3, Helena Caro2, Yujien Liu2, Marcus Atlas1,4 and Rodney Dilley1,4 
 
1Ear Science Institute Australia, Nedlands, Australia; 2School of Biomedical 
Sciences, The University of Hong Kong, Hong Kong SAR, China; 3Curtin University, 
Bentley, Australia; 4Ear Sciences Centre, The University of Western Australia, 
Nedlands, Australia 
 
Transmembrane glycoproteins Cdo bind directly to Shh and other receptor 
components like Boc, Gas1 and ptch1 as an essential receptor to positively regulate 
Shh signaling. To investigate the specific effects of Cdo on sensory epithelium of 
embryonic cochlea development, we inactivated Cdo in embryonic cochlear via 
transgenetic mice. Results indicated that ectopic hair cells were exhibited and pillar 
cells were lost in the E16.5 Cdo mutant cochlea. Besides, supernumerary inner hair 
cells were observed when reduce one allele of Shh in Cdo mutant in E18.5. Then we 
investigated Ptch1 expression as a Hh signaling readout and Ptch1 was reduced in 
the apical region of the cochlea duct. Meanwhile we examined the mRNA expression 
of coreceptors Boc and Gas1 via in situ hybridization, and found that the expression 
of Boc was enhanced and Gas1 was reduce especially in apex of Cdo mutant 
respectively. To study whether Cdo is involved in regulating pillar cell through FGF 
signaling, Fgf8 mRNA expression level was examined and it was reduced 
dramatically in Cdo mutant cochlea. These results illustrate significate and diverse 
roles for Cdo in the development and specification of hair cells and pillar cells within 
the cochlea during embryonic period. The project is ethically approved for animal 
studies.  
 

  



POSTER PRESENTATIONS 

 

BINAURAL INTERACTIONS OF THE INFERIOR COLLICULUS FOLLOWING 
UNILATEAL NOISE-INCUDED HEARING LOSS 
 
Joan Nguyen, John Morley and Carl Parsons 
 

Western Sydney University, School of Medicine, NSW, Australia 
 
The neurons in the inferior colliculus (IC) are predominately binaural and a large 
proportion of the binaural neurons display excitatory-inhibitory (EI) responses. Thus, 
under some conditions, when an IC neuron is presented with sounds from both ears, 
there is a lower yield of driven neuronal activity. We hypothesise that due to 
unilateral noise-induced hearing loss, the proportion of binaural neurons with an EI 
response will decrease, causing an over-all heightened level of activity. Fourteen 
adult Wistar rats were used in this study. All procedures were carried out in 
accordance with ethical guidelines of the NHMRC and were approved by the WSU 
ACEC (A11491). Using 32 channel, single-shanked electrodes, we simultaneously 
recorded from the left and right ICs of animals with unilateral hearing loss (n = 7) or 
controls (n = 7). Hearing loss was induced by exposing the left ear to a 115 dB, 16 
kHz narrow-band noise for 1 hour (n = 7). After a minimum recovery period of 3 
months, post-exposure ABRs confirmed permanent threshold shifts. We 
simultaneously recorded from left and right IC under monaural (0 – 80 dB, 1 – 32 
kHz) and binaural conditions (0 – 85 dB, 1 – 44 kHz), with combinations of left and 
right ear presentations delivered stochastically. Recording in the IC showed 
frequency tuning curves that bordered the spectral range of the noise-trauma 
stimulus. Ipsilateral stimulation of the control typically yields a low proportion of 
neurons displaying driven activity. Ipsilateral stimulation of the unlesioned IC showed 
a high proportion of neurons displaying driven activity which may reflect a 
maladaptive compensatory mechanism following unilateral noise-induced hearing 
loss.  
 

  



AN OBJECTIVE MEASURE OF COCHLEAR HEALTH; IDENTIFYING NEURAL 
DEAD REGIONS  
 
Andrew K Wise1,2, Simone Claßen1, Ella P Trang1, Brianna Flynn1 and James B 
Fallon1,2 

 

1Bionics Institute and 2the University of Melbourne, VIC, Australia  
 
Current strategies to improve cochlear implant performance include reducing the 
spread of electrical current within the cochlea, although this alone has not resulted in 
the expected improvement in performance. This may be due to certain cochlea 
regions exhibiting poor nerve survival (or neural dead regions). This study aimed to 
determine the relationship between neural electrical thresholds and nerve survival. 
Further, we examined whether differences in neural thresholds between focused and 
unfocused (monopolar) stimulation strategies could assist in identifying these neural 
dead regions. Normal hearing adult guinea pigs were noise deafened using 10 kHz 
130 dB SPL for 2 hours. After 28 days, the left cochlea was acutely deafened with 
local perfusion of neomycin and implanted with an intra-cochlear electrode array. 
The contralateral inferior colliculus (IC) was exposed and a multichannel silicone 
probe inserted along the tonotopic axis of the central nucleus of the IC. Neural 
activity was measured in response to electrical stimulation using both focused and 
monopolar stimulation. Cochleae were collected and the survival of auditory neurons 
measured. Analysis of a subset of the data showed a relationship between 
electrodes with the highest threshold difference for focused and monopolar 
stimulation and regions of the cochlea that exhibited the poorest neural survival (40 - 
70% survival). Threshold differences between focused and unfocused stimulation 
strategies could provide an objective method of determining the ‘neural health’ of the 
cochlea through the identification of neural dead regions. Animal work was approved 
by the Animal Research & Ethics Committee of the Royal Victorian Eye & Ear 
Hospital, Melbourne.    
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Objective: Measure the dynamic response of the utricular macula, with simultaneous 
measurement of the Vestibular Microphonic (VM) and Vestibular short-latency 
potential (VsEP) to BCV and ACS, using Laser Doppler Vibrometry, in vivo.  
 
Methods: All experiments were performed on anaesthetized guinea pigs and 
approved by the University of Sydney Animals Ethics Committee (Protocol #829). 
Reflective beads were placed onto the basal surface of the utricular macula and on 
the bone within the vestibule. Macula and bone velocity was measured with a Laser 
Doppler Vibrometer during stimulation with continuous BCV or ACS stimuli between 
100 to 2000 Hz.  
 
Results: The dynamic response of the utricular macula differed slightly to that of the 
nearby bone. The macula only responded to ACS with sufficient fluid in the vestibule 
to couple the stapes footplate to the utricular macula. The VM was most sensitive to 
low frequency (100 to 200 Hz) BCV and ACS. At certain frequencies, there was a 
large decrease in the sensitivity of the macula to BCV, which appeared to be due to 
distortion of the macula’s vibration, or complex resonances in our experimental 
setup, rather than a reduction in the sensitivity of the utricular macula to BCV. VsEP 
thresholds were an order of magnitude smaller when recorded from the utricle 
compared to the ear bar. 
 
Conclusion: Velocity of utricular macula approximately follows that of bone during 
BCV, suggesting it is overdamped. The VM is most sensitive to low frequency BCV 
and ACS, and activation of otolithic receptors using ACS involves fluid coupling.  
 


