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President’s Message

Welcome to the 26th Midwinter meeting of the Association for Research in
Otolaryngology! For the first time the meeting is held in Daytona Beach. It
is a testament to the success of the organization and its MidWinter Meeting
that a move had to be made from small quarters on the west coast of
Florida to larger quarters on the east coast. Even with more abstracts than
ever before, the poster sessions will now all be warm and dry, independent
of the weather.

A perusal of the abstracts shows that the meeting promises to be diverse
and interesting. Before the meeting officially begins, there will be a short course entitled
"Vestibular System 101: Introduction to Vestibular System Structure and Function for Non-
Experts." The meeting will begin with the Presidential Symposium on the "Calyceal Synapses of
the Brain Stem." This symposium will highlight synapses whose specializations are not only
remarkable for the role they play in hearing but that have also made possible biophysical studies
of neurotransmission in the mammalian central nervous system. Speakers include E. Neher,
Nobel Laureate, from Germany, J.G.G. Borst from the Netherlands, P. X. Joris from Belgium as
well as L.G. Wu, E. von Gersdorff, L. O. Trussell, and R. Shannon from the United States. Other
symposia occur over the following days. On Monday these include "Development of the Inner
Ear" organized by D. Wu, "Tinnitus: Mechanisms, Models and Therapy" organized by M. C.
Liberman, and "Afferent Synaptic Transmission in the Cochlea" organized by T. Parsons. On
Tuesday there will be two symposia, "Functional Organization of the Auditory Cortex in Humans
and Primates" organized by D. Hall and A. Palmer, and "Auditory Learning: Principles,
Applications and Mechanisms" organized by D. Moore and B. Wright. On Wednesday a
symposium entitled "Stem Cells and Progenitors: Identification, Isolation and Use" will be
presented under the guidance of N. Segil and A. Groves.

The winner of the Award of Merit is David Kemp, whose work on otoacoustic emissions has not
only contributed to an understanding of the cochlea but has also led to the development of
sensitive, objective hearing tests. On Sunday afternoon he will present the Presidential Lecture,
"Otoacoustic Emissions — A 25 year Overview." His contributions will be celebrated on Tuesday
evening at the Award of Merit Ceremony.

The Program Book provides details about other highlights. These include workshops and special
events.

The ARO owes its vitality to the people it attracts and to the support it receives. It is fortunate to
be served by a group of exceptionally talented, generous and committed people. Much of the
work of organizing this meeting and running the ARO is done by members of the Council and by
those who serve on committees. The MidWinter Meeting of the ARO is supported in part by a
grant from the National Institute for Deafness and Other Communication Disorders. Support for
students and residents comes from the National Institute for Deafness and Other Communication
Disorders as well as from the American Academy for Otolaryngology-Head and Neck Surgery
Foundation and from the Deafness Research Foundation. The ARO also gratefully
acknowledges the contributions of Springer Verlag, the publisher of the Journal of the Association
for Research in Otolaryngology (JARO) and host of a reception on Sunday evening. The ARO is
ably managed by the Talley Management Group, Inc..

Donata Oertel, PhD
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David T. Kemp, Ph.D.
2003 Award of Merit Recipient
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David T. Kemp Ph.D.
2003 Award of Merit Recipient

David T. Kemp was trained initially in physics and then in geophysics at Kings College, University
of London. His graduate studies on naturally occurring low frequency electromagnetic radiation led
to a number of novel observations. These included developing a method for global thunderstorm
mapping and for localizing individual lightning bolt strikes, along with the characterization of rare,
massive electrical discharges. These latter resonant events have since been identified as being giant
electrical discharges from clouds that extend up to the ionosphere. Soon after completing his
doctoral studies, to follow up on his interests in audio-frequency signals, Dr Kemp joined the
research group at London’s Royal National TNE Hospital that was attempting to quantify auditory
perception in children. He soon extended his research to include the study of low-level hearing in
adults, and it was his observations of the fine ‘microstructure’ of auditory sensitivity that led him to
postulate sound ‘reflection’ inside the cochlea. Dr Kemp further hypothesized the reality of a
biologicaly ‘active’ signal-processing mechanism, and predicted the consequential existence of
evoked otoacoustic emissions (OAEs) from the ear. As the result of a series of experiments
conducted in 1977, he demonstrated that the human ear really did generate sound as a part of the
normal hearing process. After describing the existence of stimulus-frequency OAES that mimicked
the psychoacoustical microstructure and supported his internal-reflection hypothesis, he went on to
observe both spontaneous and distortion product OAEs. To illustrate this new class of
physiological response to the hearing field, Dr Kemp devised the transient evoked OAE method and
described it, in 1978, in the initial peer-reviewed report on emitted responses. This origind
publication led to a series of grant awards from the United Kingdom’s Medical Research Council,
which permitted him to establish the auditory biophysics laboratory at the University of London
that focused on further exploration of the biophysics of cochlear function using OAES. Thereis no
guestion that Dr Kemp’s discovery of OAEs led to new avenues of research into the fundamental
mechanisms of hearing including the subsequent finding by others of the outer hair cel’s
electromotility. In addition, the discovery of OAEs gave new life to the concept of the ‘ cochlear
amplifier’ and stimulated further research on the biomechanical nonlinearities of the cochlea
Moreover, the breakthrough finding of OAEs also led to the development by Dr Kemp of a new
objective hearing test based on the detection of OAEs. By introducing the first commercia OAE
instrument, he set the ‘gold standard’ for developing such devices for clinical testing. Another
major contribution that Dr Kemp has made to clinical service has been his commitment to universal
newborn hearing screening. There is no doubt that his interest in, and support of, this important
endeavor have contributed to its visibility around the world. Most recently, Dr Kemp aong with
his auditory research colleagues at University College London (UCL), has spearheaded the
development of a new facility called the UCL Centre for Auditory Research. This center, due to
open in early 2004, will be a major national and European focus for integrated cross-disciplinary
hearing research aimed at understanding the causes of deafness. In all, Dr Kemp has received a
number of awards and prizes for his considerable scientific work on OAEs from professional
societies, learned institutions, charitable foundations, and industry. It isfitting that the Association
for Research in Otolaryngology honor David T. Kemp as the recipient of the 2003 Award of Merit
for his significant contributions to both the basic and clinical hearing sciences.

Brenda Lonsbury-Martin
Susan Norton
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m Short-term Synaptic Plasticity at the Calyx of Held

#Erwin Neherl, Ralf Schneggenburger', Takeshi Sakaba', Felix
Felmy', Volker Scheuss’ 'Membrane Biophysics, Max-Planck-
Institut fuer biophys. Chemie, Goettingen, Germany,
*Neurobiology, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY 11724

The Calyx of Held is a large glutamatergic synapse in the auditory
pathway, which offers unique possibilities for studying synaptic
transmission. It allows simultaneous whole-cell patch clamping of the
pre- and postsynaptic compartments. We established that under 100 uM
CTZ (to protect from desensitization) and 1mM kynurenic acid (to
avoid saturation) the post-synaptic current is a reliable sensor of
transmitter release and we developped a specialized deconvolution
method to calculate transmitter release rates from postsynaptic currents
(Sakaba and Neher, J. Neurosci., Vol. 21, 462-476, 2001). We used
Ca++-uncaging to elevate presynaptic free [Cat++] in a controlled
manner and established the relationship between transmitter release
rates and [Cat++] (Schneggenburger and Neher, Nature 406, 889, 2001).
Using these methods we could show that during facilitation the
sensitivity of the release apparatus is not changed. Rather, it seems that
the effectiveness of Ca influx in increasing [Ca++] is enhanced. This
effect might be mediated by the saturation of endogenous Ca++
buffering molecules in the presynaptic nerve terminal.

We found that short-term depression is partially mediated by
postsynaptic desensitization (in the absence of (CTZ) and partially by
depletion of a pool of release-ready vesicles (Scheuss et al., J. Neurosci.
22. 728-739, 2001). Remarkably, the pool of release-ready vesicles is
heterogeneous, with about half of the vesicles releasing at a given ICa
almost 10 times faster than the rest. Following depletion of the pool, the
two components recover with distinct time courses, the more sensitive
component being regulated by cAMP (Sakaba and Neher, PNAS 98,
331-336, 2001) and Cat++/Calmodulin. Depletion of the ‘readily
releasable pool‘ of vesicles and this heterogeneity of its components
allow to explain the relatively complex relationship between short-term
depression and stimulation frequency.

@ Vesicle Recycling in a Calyx-type Synapse of the Rat
Auditory Brainstem

*]. G. G Borst, A.D.G. de Roos, R.P.J. de Lange Dpt of Neuroscience,
Erasmus University, Rotterdam, Netherlands

The number of vesicles that are released following an action potential
depends on the number of available vesicles and their average release
probability. We studied vesicle pool dynamics in a giant terminal, the
calyx of Held, in slices of the rat auditory brainstem. The calyx of Held
is part of a fast auditory relay in the medial nucleus of the trapezoid
body (MNTB), which is involved in sound localization. To gain insight
in the sizes of different vesicle pools and the kinetics between pools, we
labeled synaptic vesicles with the fluorescent styryl dye RH414.
Electron microscopy after photo-conversion of RH414 showed that a
maximum of ~50% of the vesicles could be labeled by a long (15-30
min) incubation in the presence of a high extracellular K+
concentration. In contrast, following afferent stimulation for 20 min at 5
Hz or for 5 min at 20 Hz, only ~5% of vesicles were labelled, despite
the fact that the number of vesicles released was much larger than 5%
of the total number of vesicles. Our data therefore suggest that in the
calyx of Held, recently endocytosed vesicles are preferentially released.

@ Synaptic Vesicle Endocytosis At A Calyx-Type Synapse

*Ling—Gang Wu Department of Anesthesiology, Washington
University, St. Louis, MO

Vesicle endocytosis provides a continuous supply of vesicles to
maintain synaptic function. The kinetics of endocytosis may be critical
to active synapses, such as the calyx-type synapse in the medial nucleus
of trapezoid body (MNTB), which often relay high frequency trains of
action potentials from the presynaptic to the postsynaptic neuron. Here
we studied the kinetics of endocytosis at the MNTB synapse. We

ARO Abstracts

monitored endocytosis by measuring the membrane capacitance at the
calyx of Held. We found that the time constant of ‘quantal endocytosis’,
i.e., endocytosis after single vesicle fusion, was 56 ms. The endocytic
time constant was about 115 ms following a single action potential or
trains at £2 Hz, but increased gradually to tens of seconds as the
frequency and the number of action potentials increased. These findings
may reconcile a long-lasting debate on the rate of endocytosis between
two schools championed by Heuser and Ceccarelli, respectively.
Existing models that may account for slowed endocytosis include Ca2+
inhibition and saturation of a limited endocytic capacity. In contrast to
these models, we found that a higher rate of vesicle fusion at active
zones induced a slower rate of endocytosis, most likely via an
accumulation of unretrieved vesicles at the plasma membrane. These
novel mechanisms may slow vesicle recycling and thus may contribute
to short-term synaptic depression.

E Optimizing Synaptic Architecture and Efficiency for
High-Frequency Transmission

#Henrique von Gersdorff', Holger Taschenberger', Ricardo M.
Ledo', Kevin Rowland?, George Spirou? 'The Vollum Institute,
OHSU, Portland, OR, 2Sensory Neuroscience Research Center
Departments of Otolaryngology and Physiology, West Virginia
Univ. Sch. of Med, Morgantown, WV

High frequency bursts of neuronal activity are transmitted more
effectively as synapses mature. However, the mechanisms that control
synaptic efficiency and short-term plasticity during development are
poorly understood. In our presentation we will summarize studies of the
postnatal changes in synaptic ultrastructure and exocytosis in the calyx
of Held synapse in the medial nucleus of the trapezoid body. In mature
mammals this excitatory synapse is capable of prolonged, high-fidelity
transmission at near-kHz frequencies. How is this possible? How does it
become optimized for the prodigious amounts of exocytosis necessary
to sustain such high rates? How does it avoid synaptic depression and
AMPA receptor desensitization and saturation?

We combined electron microscopy, presynaptic membrane capacitance
(Cm) measurements, and excitatory postsynaptic current (EPSC)
recordings in rat brainstem slices to study developmental alterations
from postnatal day 5 (P5, shortly after calyx formation) to P14, just
after the onset of hearing (about P12 in rats). Vesicle pool size,
exocytotic efficiency (amount of exocytosis per Ca influx), quantal size,
and the number of active zones (AZs) increased with age, whereas AZ
area, number of docked vesicles per AZ, and release probability
decreased with age. These changes, together with a remodeling of AZ
cleft geometry, lead to AZs that are less prone to multivesicular release,
resulting in reduced postsynaptic AMPA receptor saturation and
desensitization. A greater multiplicity of small AZs with few docked
vesicles, a larger pool of releasable vesicles, and a higher efficiency of
release thus promote prolonged high-frequency firing in mature calyx-
type synapses.

@ Regulation Of Synaptic Strength By Presynaptic
Receptors In MNTB

#Larry Trussell’, Rostislav Turecek?, Gautam Awatramani’ 1Oregon
Hearing Research Center, L-335A, Oregon Health & Science
University, Portland, OR, 2Oregon Hearing Research Center,
Oregon Health & Science University, Portland, OR

Most auditory brainstem nuclei receive GABA- and glycinergic input.
These are thought to play diverse roles in information processing,
through their activation of postsynaptic GABA and glycine receptors.
Recently we described the presence of presynaptic glycine and GABA-
A receptors in the medial nucleus of the trapezoid body (MNTB) of the
rat. This work has addressed 1) what are the consequences of activation
of these receptors for release of the excitatory transmitter glutamate, 2)
what is the mechanism of action of these receptors, and 3) how are these
receptors regulated developmentally.

Neurons in brain slice preparations were voltage clamped. Bath
application of 100 uM glycine or GABA isoguvacine (a GABA-A
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agonist) reversibly increased the amplitude of evoked excitatory
postsynaptic currents (EPSCs) by up to 60%. This effect was
developmentally regulated, so that isoguvacine was most effective in <
P10 and glycine is most effect > P11. Recordings from calyces of Held
revealed the presence of presynaptic glycine and GABA-A receptors,
which also had a reciprocal developmental pattern of expression.

Studies of inhibitory postsynaptic currents (IPSCs) revealed additional
developmental regulation. In P5-7 rats, IPSCs were mediated primarily
by GABA. By P14, the amplitude of the IPSCs increased 10-fold, their
decay time dropped sharply, and they become largely glycinergic.
These changes resulted largely from increase in the number of
glycinergic synapses, which activate fast-gating glycine receptors. We
also observed a developmental switch in the remaining GABAergic
IPSCs: these increased in decay time significantly.

Thus, in parallel with the rise in presynaptic glycinergic effects, there is
the acquisition of a fast postsynaptic inhibitory mechanism in MNTB.
Current studies are exploring the significance of these mechanisms on
the relay function of the MNTB.

Supported by grants from the National Institutes of Health (NS28901
and DC4055)

@ Calyceal Synapses in Two Binaural Circuits

*Philip X. Joris Laboratory for Auditory Neurophysiology,
K.U.Leuven, Leuven, Belgium

Two well-studied binaural circuits in the mammal contain calyceal
synapses.

Spherical bushy cells in the anteroventral cochlear nucleus (AVCN)
receive calyceal endings from the auditory nerve, and project bilaterally
to the medial superior olive (MSO). MSO shows a bias towards low
frequencies, and contains cells that compare the timing in their afferent
inputs from left and right side. Comparison of responses of bushy cells
to auditory nerve fibers shows that bushy cells form a monaural
preprocessing stage which improves the temporal information delivered
to the MSO.

Cells in the medial nucleus of the trapezoid body (MNTB) receive
calyceal endings from contralateral globular bushy cells in the AVCN,
and inhibit the homolateral lateral superior olive (LSO), which is
excited by spherical bushy cells in the ipsilateral AVCN. The LSO
shows a bias towards high frequencies, and its cells are sensitive to
interaural level differences. Besides calyceal endings, this circuit show
several other specializations which suggest that the temporal dimension
is critical to its function. There is no definitive answer what the role of
timing in this circuit is, but several possibilities will be discussed.

Supported by the Fund for Scientific Research - Flanders (G.0083.02)
and Research Fund K.U.Leuven (OT/10/42).

The Auditory Smorgasbord: Perceptual Use of Temporal
Neural Information

#*Robert V. Shannon Auditory Implants and Perception, House Ear
Institute, Los Angeles, CA

The auditory nervous system can encode temporal information in the
phase-locked discharges up to nearly 5 kHz and can represent interaural
timing differences of 100s of microseconds. Neurons that respond to
stimulus onsets may be able to encode timing information to resolutions
of 100s of microseconds. However, it is not completely clear how this
neural information is used in auditory perception. Recent work
suggests that temporal information faster than 20 Hz contributes little to
speech recognition. However temporal information in the 500-1500 Hz
range is important for residue pitch and for localization. Clearly,
different perceptual tasks have different requirements for temporal
information. This talk will review the different types of temporal
information coded in the auditory nervous system. Perceptual studies
will be reviewed in terms of the use of temporal information. Rather
than a serial, cumulative pathway, we suggest that it is more useful to
think of auditory processing as a smorgasbord, in which auditory
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perceptual tasks can pick and choose the neural information needed for
the task. Not all of the wealth of neural information is necessary or
useful for every perceptual task.

Otoacoustic Emissions - A 25 Year Overview

#David T. Kemp UCL Centre for Auditory Research, Institute of
Laryngology and Otology, London, United Kingdom

The idea of sound actually emanating from an ear still fascinates the
layman but in today’s auditory physiology labs and audiology clinic it
has become an everyday tool.

Twenty five years ago nothing could have been further from the truth.
At that time a few researchers in the UK, Netherlands and the USA (
including Wilson, Wit and Zurek) were wrestling with a group of
weird acoustic and psychoacoustic phenomena which just didn’t make
sense — at least not as the auditory system was understood at that time.
Preceding these observations throughout the 1970°s were indications of
mechanical non-linearity in the cochlea — not least those reported by
Rhode, Pfiffer, and Kim. In parallel, both Lim and Flock were
postulating a motile capacity to outer hair cells. All these observations
were hotly disputed and in any case seemed to contribute little to a
major goal of auditory research at that time which was to discover the
basis of fine cochlear tuning. The scientific climate in 1978 paralleled
that in1948 when Gold first proposed a tuning-enhancing cochlear
amplifier powered by the endocochlear potential via a supposedly
piezoelectric tectorial membrane. But this time the idea caught on once
the existence of oto-acoustic emission was confirmed.

With the demonstration of hair cell electro-motility by Brownel and the
confirmation of basilar membrane nonlinearity by Johnstone and
Patuzzi in the early 1980s a new view of the cochlea - as a “nonlinear
and active signal imaging device”- began to come very slowly into
focus That heralded an explosion of research by psychoacousticians,
physiologists, mathematicians, and audiologists- which continued right
through the 1990s to today.

Thanks to all their work sound emission by the cochlea is now well (if
not yet perfectly) understood leading to its exploitation in applications
ranging from newborn hearing screening to auditory cell biology and
genetics. Twenty five years is perhaps a good time to ask if there are
lessons still to be learned and to speculate on what surprises the
biophysics of the cochlea might still hold in store!

@ The Animal Rights (AR) Movement Is Rapidly Becoming
a Mainstream Movement: Do Scientists Have a Plan to
Counter It?

#Patti Strand President, National Animal Interest Alliance, Portland,
OR

The AR philosophy is growing, not because of the strength of its
arguments, but because the people who could challenge it are not doing
so. Organizations that should lead the fight seem more concerned over
turf than over winning; more concerned over who should speak than in
making sure that the message gets out; and more interested in getting
credit than in assuring victory for all the parties they represent. Worse,
many national organizations work to silence grassroots efforts by
warning that anyone not appointed by them or reading from their script
could undermine the effort. The result is that few voices are heard
refuting animal rights nonsense.

Scientists, the most credible group among the targeted parties, too often
remove themselves from the debate. Some are uncomfortable engaging
in emotional debates or cannot reconcile working with other animal
organizations whose missions they feel to be less noble than their own.
Others believe that maintaining the proper image of a scientist is
tantamount to the advancement of science itself and find it demeaning
to respond to the lies of the animal rights fringe. Still others regard the
topic as unworthy of serious consideration. They determine that animal
rightists have little credibility, offer dishonest and outrageous claims to
support their arguments and present themselves in ways that antagonize
the public. They discount the possibility that animal rights philosophy
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could ever become part of mainstream thought. They cannot see the
forest for the trees.

Meanwhile, the AR movement is winning, not because its arguments
are sound, but because it is organized, has a plan and because its leaders
understand that repetitive messages no matter how false, when coupled
with emotional (shocking) images alter perceptions of issues and
eventually change public opinion. Public opinion is what eventually
gets drafted into law.

The scientific community will continue losing ground in this debate
until they make the animal rights issue a top priority. Scientists must
come out of their laboratories and take on the intellectual dishonesty
and overall corruption of the animal rights movement. If they do not,
they face a world in which their values will take second place to the
values of people who claim that an ant and a child deserve the same
moral consideration.

NIDCD Research and Training Workshop for NEW
INVESTIGATORS

*Amy M. Donahue NIH, NIDCD, Rockville, MD

This year’s workshop will focus EXCLUSIVELY ON NEW

INVESTIGATORS.

Following a brief overview of NIH funding mechanisms for new
investigators, attendees will choose one of three breakout sessions:

NIH 101: How does the NIH system work?

Training and Career Development (Fs and Ks): What do I need to
know?

Transitioning to Independence: Should I apply for an R03 or an RO1?

The ultimate aim of the workshop is to provide information for a
successful transition from the trainee/new investigator status to the
independent investigator (RO1).

NIH 101 will provide practical information on how the NIH/NIDCD
works (e.g., institute and study section assignments, application
timelines, reviewer assignments, funding paylines, council activities,
and the role of program and review staff).

Training and Career Development will include a profile of research
training and career development mechanisms appropriate for new
investigators, including mechanisms for clinically trained investigators
(K08 and K23) as well as the individual fellowship awards (F31/F32).

Transitioning to Independence will provide guidance on the appropriate
grant mechanisms for early career stages, and will focus on the NIDCD
Small Grant Award (R03). This session will also include a discussion
of how to avoid mistakes commonly observed in the review process.

The breakout sessions are intended to allow for ample time for
questions and answers. Handouts from all three breakout sessions will
be available.

@ The Federal Appropriation Process for NIH Funding:
How the Payline Gets Set

#Maureen Hannley', James Batteyz, Dominic Ruscio®, Mary Wooley4
' American Academy of Otolaryngology, Head and Neck Surgery
Foundation, Alexandria, VA, *National Institute on Deafness, and
Other Communication Disorders, Alexandria, VA, *Cavarocchi,
Ruscio, and Dennis Associates, Alexandria, VA, *Research!,
America, Alexandria, VA

Many researchers depend on funding from federal agencies to support
their work, but have little understanding of the annual appropriations
process that determines the amount of funds available to those funding
agencies. More importantly, they are either unaware that they are able
to influence that process and hence the size of the appropriation, or are
uncertain as to the best or most appropriate process to exert that
influence. Everyone understands that The Payline largely determines
which grants will be supported. The payline, of course, depends on the
amount of money available to an institute, as well as a number of other
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factors. Determination of the next fiscal year’s payline begins well in
advance of that year with the appropriations process in the Senate and
House of Representatives committees, continues with testimony and
lobbying to attach report language, and culminates with processes and
decisions in the Institute. This team presentation will include
information on the Congressional committee structure and function;
lobbying, appropriations hearings, and report language; the influence of
advocacy groups; and the Institute planning process and payline
determination. The expert panel will then discuss questions from the
audience.

@ Expression Profile of the Human Inner Ear Genes and
Identification of Candidate Genes for Genetic Deafness

*Zheng-yi Chen', Cynthia C. Morton?, David P Corey® 'Department
of Neurology, Harvard Medical School, Boston, MA,
2Department of Pathology, Harvard Medical School, Boston, MA,
*Department of Neurobiology, Harvard Medical School, Boston,
MA

Despite the progress in the human genome project and the efforts to
identify the genes expressed in the mammalian inner ear, our
knowledge of the genes expressed in the inner ear is very limited.
Microarray technology has provided a powerful tool that can be used to
study the inner ear gene expression.

Oligonucleotide array was used to survey genes expressed in the fetal
human inner ear. Sub-tissues (the organ of Corti, the ligament) from the
inner ear were collected to evaluate the regional expression patterns. In
total ~27,000 genes and ESTs were classified as being expressed in at
least one of the samples, representing 43% of genes and ESTs surveyed.
A majority of genes were found to be expressed in all the tissues, with a
subset of genes showed distinct patterns associated with each sub-tissue.

Other human tissues were also studied using the same chip set in order
to identify the inner ear enriched genes. The tissues included the human
brain, heart, kidney, testis and retina. ~2600 (4% of total number of
genes surveyed) genes were identified as the inner ear enriched, being
either expressed in the inner ear only, or predominantly expressed in the
inner ear. Gene ontology representation showed many enriched genes
encode for signal transducers, enzymes and transporters. Of 39 deafness
genes on the chip 41% came from the inner ear enriched genes,
indicating that other genes within the group are more likely to be
involved in many forms of deafness. We have mapped all the inner ear
enriched genes and their mouse orthologs to the human and mouse
chromosomal locations, respectively. This approach will result in the
enrichment of candidate genes for deafness by as much as 10 fold. In
addition our work also identified genes enriched in other human tissues,
thereby providing candidate genes for genetic disorders involving those
tissues.

@ Identification of Candidate Genes Underlying a Critical
Period of Afferent Dependence in Mouse Anteroventral
Cochlear Nucleus Using a cDNA Microarray

#julie A. Harris',Natalie A. Hardie?, Olivia Mary Bermingham-
McDonoghz, Edwin W Rubel’ !Graduate Program in
Neurobiology and Behavior, VMB Hearing Research Center and
Dept. of Oto-HNS, University of Washington, Seattle, WA,
*Virginia Merrill Bloedel Hearing Research Center and Dept. of
Otolaryngology-HNS, University of Washington, Seattle, WA

Cochlear ablation in young animals results in dramatic neuronal cell
death in the anterovental cochlear nucleus while the same manipulation
performed in older animals does not result in significant cell loss. The
molecular basis underlying this critical period of differential
susceptibility to loss of afferent input remains largely unknown. We
used cDNA arrays spotted with the National Institute of Aging 15K
mouse clone set to identify genes that are differentially expressed in the
cochlear nucleus (CN) of mice within the critical period at postnatal day
7 (p7) compared to after the critical period at p21. Total RNA was
isolated from 40 cochlear nuclei at each age to prepare cDNA probes
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for hybridization. The experiments were done in triplicate.
Approximately half of the 15,000 clones on this array are known genes.
We identified 856 (5.6%) genes and expressed sequence tags that are
differentially expressed in the CN (greater than 1.8 fold) between these
developmental ages. 525 of these are known genes. 260 are more
highly expressed in p7 CN and 265 have a higher expression level in
p21 CN. These differentially expressed genes have a variety of
functions including roles in apoptosis, cell cycle, energy and
metabolism, signal transduction, and heat shock. Further analysis
revealed 29 genes with a higher expression level in p7 CN and 44 genes
with a higher expression level in p21 CN that have a previously
described role in cell death, survival, or plasticity. This group includes
caspase 3 in the p7 CN and several genes with antioxidant or redox
roles more robustly expressed in the p21 CN. Expression levels of
various genes will be validated using in situ hybridization and/or RT-
PCR. These genes are included in a list of candidate genes that could
potentially have a role in defining the critical period and the response to
afferent deprivation in the CN.

Supported by NIDCD grant DC03829 and by The Garnett Passe and
Rodney Williams Memorial Foundation.

Identification of Genes that Influence Susceptibility of
Zebrafish Lateral Line Hair Cells to Neomycin-Induced
Death

#[isa L. Cunninghan', Julie A. Harris', Alan Gi-Lun Chengl, Eric E.
Bauer', David W. Raible?, Edwin W Rubel' 'Virginia Merrill
Bloedel Hearing Research Center and Dept. of Otolaryngology-
HNS, University of Washington, Seattle, WA, 2Dept of
Biological Structure, University of Washington, Seattle, WA

The susceptibility of inner ear hair cells to noise, aging and ototoxic
drug exposure is strongly influenced by genetic variation. However,
very little is known about specific genes that influence hair cell
susceptibility and resistance. We have begun a genetic screen in
zebrafish designed to identify genes that influence susceptibility of
lateral line hair cells to death induced by exposure to neomycin. We
made use of a method to efficiently examine lateral line hair cells in the
live zebrafish using the vital dye DASPEIL This method was used to
examine the dose-response relationship between neomycin
concentration and lateral line hair cell death and was validated against
both phalloidin labeling and acetylated tubulin labeling (Harris et al., in
press, JARO). This dose-response relationship is now used in 5-day-old
zebrafish larvae to conduct a screen for dominant mutations that alter
the susceptibility of hair cells to neomycin-induced death. Adult male
zebrafish were mutagenized with ethylnitrosourea, and F2 offspring
were examined for their susceptibility to neomycin-induced hair cell
death. At 5 days of age, each F2 clutch was divided into two groups of
larvae. To find genes that increase sensitivity, one group of larvae was
treated with 75 pM neomycin, a dose that causes very little hair cell
death in wildtype larvae. To find genes that increase resistance, the
second group of larvae was treated with 200 pM neomycin, a dose that
causes near-maximal hair cell death in wildtype larvae. Of 479 F1
crosses screened to date (~10,000 fish), we have identified three
mutations that increase resistance to neomycin. We are in the process
of further defining the nature of these mutations and determining the
parameters of resistance. One of these mutations, resl, significantly
(p<0.0001) alters the entire neomycin toxicity dose-response curve
relative to wildtype larvae.

Supported by NIH NIDCD F31 DC00461, T32 DC05361, T32
DCO00018, UW Royalty Research Fund.

ARO Abstracts

IE' Eleven Mouse Mutants with Vestibular Defects all
Map to Centromeric Chromosome 4

#Kelvin Hawker', Henry Pau', Helmut Fuchs?, Martin Hrabe de
Angelis®, Steve D.M. Brown®, Pat Nolan®, Karen Steel' 'Institute
of Hearing Research, MRC, Nottingham, United Kingdom,
*Center of Environment and Health Institute of Experimental
Genetics, GSF, Neuherberg, Germany, *Mammalian Genetics
Unit, MRC, Harwell, United Kingdom

Our laboratory has taken advantage of two large-scale ENU
mutagenesis programmes which use a genome wide phenotype-driven
strategy to identify mice with balance and hearing impairments, with
the aim of discovering novel morphologies and genes involved in
mammalian ear development.

Previous work in our laboratory characterised 7 independent mouse
mutants derived from the Harwell mutagenesis programme that all
exhibited a similar circling, head-bobbing and hyperactive behaviour.
Morphological analysis revealed that all 7 mutant mice possessed a
truncated or absent lateral semi-circular canal. Genetic mapping of these
mutants linked the mutations to the centromeric region of chromosome
4 (Kiernan et al 2002, Mamm. Genome, 13: 142-148), where the
mutant mouse Wheels had previously been mapped (Alavizadeh et al
2001, Dev. Biol. 234: 244-260).

Subsequently, 3 additional mouse mutants Carousel, Whirligig and
Flouncer derived from the Neuherberg mutagenesis programme also
showed similar abnormal behaviour. The aims of this project were to
establish whether the three new mutants belonged to the group of
chromosome 4 mutants and to find the gene responsible. Morphological
analyses of Carousel, Whirligig and Flouncer have revealed they all
possess abnormal lateral semi-circular canals. Genetic mapping has
linked all three mutations to the centromeric region of chromosome 4.
The region, with a physical distance of approximately 1.8Mb, is now
being scrutinised for candidate genes in order to identify the mutation(s)
responsible.

Supported by the Medical Research Council, EC contract CT-97-2715
and Defeating Deafness

Characterisation of the New Hearing-Impaired Mouse
Mutants Cloth-ears, Whisper and Hush

*Francesca Mackenzie, Nick J Parkinson, Debra Brooker, Steve D.M.
Brown Mammalian Genetics Unit and Mouse Genome Centre,
Medical Research Council, Harwell, United Kingdom

A major ENU mutagenesis programme has been underway over a
number of years at Harwell, UK for the identification of new mouse
models of human genetic disease. A major focus of the programme was
to employ screens to identify new mouse deafness and vestibular
mutants. A large number of new deaf mouse mutants have been
recovered and characterised, of which the underlying genes for several
have been identified by positional cloning. Hearing loss was identified
by a reduced or absent Preyer reflex (ear flick) and startle response
upon exposure to a 90dB, 20kHz noise, generated by a clickbox. Three
new mouse mutants showing hearing loss have recently been identified.
The autosomal dominant mutant Cloth-ears has reduced hearing with an
age of onset from 30 days. A craniofacial feature and reduced body size
appear to be variably present. The autosomal dominant mutant Whisper
has reduced hearing, a blunt face, and reduced body size. Finally, the
recessive mutant Hush shows deafness from around 40 days. These
mutants represent opportunities for the discovery of new deafness
genes. We are taking these mutants into positional cloning projects and
will present phenotypic and genetic data for each of them.
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Phenotypic Analysis of a New Mouse Model for Genetic
Deafness: “Hush Puppy”

#fenry Pau', Helmut Fuchs?, Martin Hrabe de Angelisz, Karen Steel!
nstitute of Hearing Research, MRC, Nottingham, United
Kingdom, “Institute of Experimental Genetics, GSF Research
Center for Environment and Health, Neuherberg, Germany

Phenotypic and genotypic analysis of mouse mutants with hearing or
balance problems has helped with the identification of the genes
involved in deafness, and has contributed to the understanding of
mechanisms of normal hearing. We describe a new mouse mutant, Hush
Puppy, which shows abnormal pinnae and deafness. This mutation
shows semi-dominant inheritance, and was generated by mutagenesis
using ethylnitrosourea.

A total of 8 mutants and 8 littermate controls aged from 30 to 36 days
and 16 newborns were investigated. Hearing was assessed by Preyer
reflex. The morphology of their middle and inner ears were investigated
by microdissection, clearing using glycerol, paintfilling of the labyrinth
and scanning electron microscopy (SEM). Skeletal staining of skulls
was performed to assess the craniofacial dimensions.

Hush Puppy mutants showed deafness from an early age (14 days)with
no vestibular deficit. They have unilateral or bilateral small and bat- like
pinnae, mild anomalies of the malleus, various degrees of abnormalities
of the incus including small short process, malformed lenticular
process, and absent posterior crus of the stapes, demonstrating patterns
of incomplete penetrance and variable expression. Paintfilling of
newborns’ inner ears revealed no morphological abnormality, although
half of the mice studied were expected to carry the Hush Puppy
mutation. Under SEM, hair cells of the organ of Corti were normal in
both mutants and controls at 29 days old. Skeletal staining showed that
the Hush Puppy mutants have shorter snouts and mandibles.

These results indicate developmental problems of the first and second
branchial arches due to a single gene mutation. Similar defects are
found in humans, such as Goldenhar syndromel, and Hush Puppy
provides a mouse model for genetic analysis of such defects.

Reference

1. Beighton P, Sellars S (1982) Cranio-facio-cervical malformation
syndromes (In: Emery A (ed) Genetics and Otology, p 44, Churchill
Livingston, NY.)

Physical Mapping of Circling Mouse, and
Complimentation Test With Spinner Mouse

#jaewoong Ryoo', Sung Hwa Hong?, kyoung in Cho®, won-ho chung?,
In'Y Kim* ]laboratory animal science, catholic university, seoul,
Korea, Republic of, 2orl-hns, sungkyunkwan university school of
medicine, seoul, Korea, Republic of, *medical genetics, graduate
school of hallym university, chunchon, Korea, Republic of,
“biomedical engineering, hanyang university, seoul, Korea,
Republic of

Circling mice were recorded to display profound deafness and a head-
tossing and bidirectional circling behavior, showing an autosomal
recessive mode of inheritance. In addition, the histological examination
of inner ears revealed that the region around organ of Corti, spiral
ganglion neurons and outer hair cells showed definite abnormality. On
the other hand, a genetic linkage map was constructed in an
intraspecific backcross between cir and C57BL/6] mice. The cir gene
was mapped to a region between DIMitl16/DIMitl5 and DIMit38 on
the mouse chromosome 9. Estimated distances between cir and
D9Mitl16, and between cir and DIMit38 are 0.70 £ 0.40 and 0.23 +
0.23 cM, respectively. The markers in order was defined as follows:
centromere-DIMit182- DI9Mit51/ DIMit79/ DIMit310- DIMit212/
D9Mit184- DIMitl 16/ DIMitl5- cir- DIMit38- DIMit20- DIMit243-
DY9Mitl 6- DIMit55/ DIMit125- DIMit281. Based on genetic mapping,
we constructed for a YAC contig across cir region. They covered the
entire region of cir and cir gene was located on between the
lactotransferrin (/¢f) and the macrotubule-associated protein (map4). It is
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known that sr gene is localized in 64cM of mouse chromosome 9. The
two mouse were found to be allelic by complementation test. Recently
the spinner mouse has been mapped to our cir region, and tmie gene
were elucidated. And further study will be needed in circling mouse to
prove tmie gene mutaiton.

Supported by Grants from InSung

Genetic Modifiers of the Inner Ear Phenotype in
Jaggedl Heterozygote Mice

Hmy Elizabeth Kiernan, Tom Gridley Dept. of Developmental
Genetics, Jackson Laboratory, Bar Harbor, ME

Previous studies have shown that ENU-induced point mutations in the
2nd EGF-like repeat of the Jaggedl (>Jagl) gene lead to a dominant
head-shaking behavior, indicating the presence of a vestibular defect
(Kiernan et al Proc Natl Acad Sci 98:3873-8., 2001; Tsai et al Hum Mol
Genet 10:507-12, 2001). Further analysis confirmed the presence of
vestibular and cochlear defects in the Jagl heterozygous mice.
Interestingly, heterozygote mice with a targeted deletion of the Jagl
gene do not demonstrate the head-shaking behavior that was observed
in the ENU-induced alleles.

Since the Jagl targeted allele was maintained on a C57BL/6J (B6)
background whereas both ENU-induced Jag! alleles were maintained
on a C3H background, we tested whether the phenotypic differences
were due to genetic background. B6- Jag! +/- mice were crossed onto
the C3H background to determine whether the head-shaking behavior
could be recovered. F1 mice from this cross did not show any head-
shaking behavior. However, a proportion of the N2 (backcross) mice
did, suggesting there is either recessive enhancer modifier loci in the
C3H background or dominant repressor loci in the B6 background.
Approximately 32% (55/171) of the N2 mice showed robust head-
shaking, suggesting the presence of only a small number of modifying
genes. Phenotypic analysis of the B6- Jag/ and F1- Jag/ mice
showed that, surprisingly, these mice demonstrate truncations in the
posterior canal and missing posterior ampullaec. However, N2 mice that
exhibited the head-shaking behavior displayed truncations in both the
anterior and posterior canals, and both respective ampullae were absent.
In order to localize these modifier(s), a genome scan and QTL analysis
will be performed. Identifying these modifier(s) will be important for
uncovering new genes involved in sensory specification in the ear and
possibly novel players in the Notch signaling pathway.

Characterization of GS3786 (FAM3C) in the Mouse
Inner Ear

*Valentina Pilipenko, Alisa Reese, Hongwei Dou, Yingshi Guo,
Daniel I Choo, John H. Greinwald Otolaryngology, CHMC,
Cincinnati, OH

A novel gene, GS3786, has recently been mapped near the DFNB17
interval at chromosome 7q31. Recently GS3786 was reported to be a
member of a novel cytokine-like gene family and re-named FAM3C.
The precise function of this gene remains unknown. FAM3C and its
mouse orthologue, D6Wsul76e (mouse chromosome 6), share 88.3%
homology at the RNA nucleotide sequence level and 94% of identity at
the protein level. FAM3C was expressed in a human embryonic (16-22
weeks) cochlea library and mouse embryonic (day 15) inner ear library
as full-length transcripts. We examined the expression of D6Wsul76e
as an initial attempt to define a potential role for this gene in the
mammalian inner ear. RT-PCR and Northern blot analysis of
D6Wsul76e showed ubiquitous expression in several tissues that can
suggests the gene involvement in a fundamental role essential for
physiological functions in a variety of cell types. No alternative splicing
was noted in the transcripts. Expression in the inner ear was
demonstrated from embryonic day 10 (E10) through postnatal periods.
Mutation analysis by direct sequencing of DNA from DFNB17 patients
excluded the coding region of the FAM3C from being involved in the
pathogenesis of DFNB17. Discussion will also include preliminary in
situ hybridization data on D6Wsul76e suggesting a role for FAM3C
during mouse inner ear morphogenesis.
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@ A New Spontaneous Mutation in the Mouse Ames
Waltzer Gene, Pcdhl5

#Lori I Hampton', Terrence Cahill', Charles G. Wrigth, Kumar N.
Alagramam3 , James F. Batteyl, Konrad Noben-Trauth* "National
Institute of Neurological Disorders and Stroke, NIH, Bethesda,
MD, “Southwestern Medical Center, University of Texas, Dallas,
TX, *The Research Institute, University Hospitals of Cleveland,
Case Western Reserve University, Cleveland, OH, “National
Institute on Deafness and Other Communication Disorders, NIH,
Rockville, MD

The Ames waltzer (av) mouse is a model system to study the
sensorineural defects associated with Usher syndrome type 1F. We
report a new recessive allele of Ames waltzer caused by mutation of
protocadherin 15 (Pcdhl5) that arose spontaneously on a C57BL/6J
background strain.  Auditory-evoked brain stem response (ABR)
evaluation of mutants revealed a complete absence of auditory response
and these mutants display a circling, head-tossing behavior. The mutant
phenotype was genetically mapped near marker D10Mit186 and shown
by complementation testing to be allelic with Ames waltzer (Pcdhl5™).
The mutation has been identified as a single nucleotide insertion at
position 2099 of Pcdhl5. The altered reading frame introduces a stop
codon 17 amino acids downstream of the insertion site predicting a
protein product truncated after the sixth extracellular cadherin
ectodomain. Scanning electron microscopy revealed abnormal
stereocilia on inner and outer hair cells of the organ of Corti as early as
postnatal day 0. Adult mutants show severe degeneration of the
cochlear neuroepithelium. The new allele of Ames waltzer is
designated Pcdhl5“".

@ Jeff, a Single Gene Model of Otitis Media.

#Rachel Hardisty', Susan A Morse', Karen Logan', Sylvia
Guionaud?, Sara Sancho-Oliver?, Alexandra Erven®, Karen Steel’,
Steve D.M. Brown' '"Mammalian Genetics Unit and Mouse
Genome Centre, Medical Research Council, Harwell, United
Kingdom, “Pathology, Frimorpho Itd, Fribourg, Switzerland,
3Institute of Hearing Research, MRC, Nottingham, United
Kingdom

Otitis media is the most common cause of hearing impairment in
children and is primarily characterised by inflammation of the middle
ear mucosa. Yet nothing is known of the underlying genetic pathways
predisposing to otitis media in the human population. As part of the UK
mutagenesis programme we have identified a novel deaf mouse mutant,
Jeff (Jf). Jeff maps to the distal region of mouse chromosome 17 and
presents with fluid and pus in the middle ear cavity. Jeff mutants are
21% smaller than wild-type littermates, have a mild craniofacial
abnormality and elevated hearing thresholds. Middle ear epithelia of
Jeff mice show evidence of a chronic proliferative otitis media. 3D
reconstruction of the middle ear cavity and Eustachian tube showed the
cavity to be reduced in size and the Eustachian tube bent. In order to
determine if a pathogen-free environment would affect the development
of otitis media in Jeff mutants, we rederived mice into both
conventional and pathogen-free facilities. Surprisingly, we found that
rederived mice in both environments developed deafness and affected
mice had glue in their middle ears as observed in sections. We
compared the immune status of Jf/+ and wild-type mice raised in
isolators. Age matched Jf/+ and +/+ mice were compared at 43-44 days
and 121-127 days for lymphocytes, neutrophils, monocytes, lymphocyte
cell surface markers CD3, CD4, CD19, and MHC class II cell surface
expression. At 43-44 days the Jf/+ mice born in isolators have a
significantly higher number of neutrophils compared to control mice.
Both Jf/+ and +/+ mice show similar low levels of MHC class II cell
surface expression that may indicate an inflammatory response occuring
in Jf/+ mice in the absence of an antigenic stimulus (Hardisty et al.,
JARO in press).

The Jeff mutant should prove valuable in elucidating the underlying
genetic pathways predisposing to otitis media.
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[23] The Tommy Mouse Mutant is a New Allele of dfiw That
Displays Semi-Dominant Age Related Hearing Loss.

#Nicholas J Parkinson, Francesca Mackenzie, Debra Brooker,
Martin Fray, Pete Glenister, Steve D.M. Brown Mammalian
Genetics Unit and Mouse Genome Centre, Medical Research
Council, Harwell, United Kingdom

A genome wide phenotype driven ENU mutagenesis approach was
adopted by our facility to describe, amongst others, novel dominantly
inherited single locus deafness disorders in the mouse. One such mutant
Tommy, Tmy, presents with progressive hearing loss with onset between
100 and 220 days of age. Homozygote animals are deaf and display a
hesitant wobbly gait. Initial genetic analysis mapped the 7my locus to
distal mouse chromosome 6 overlapping the deafwaddler, dfw, critical
region. Mutation screening of Atp2b2 discovered a G1750A change in
the coding frame resulting in a Glu584Lys substitution in the predicted
ATP binding domain. The presence of an age related hearing loss
phenotype in heterozygotes of this mutant on a C3H homozygous
‘protective’ background at the modifier-of-deafwaddler, mdfw, locus
establishes 7my as an important tool with which to dissect the
interaction of dfw and mdfw and the underlying molecular pathology of
age related hearing loss in the mammalian ear.

A Mutation in the Evil Locus Predisposes Late Onset
Otitis Media With Effusion (OME) in the Mouse Deafness
Mutant Junbo

#Nicholas J Parkinson', Hsun-Tien TsaiZ, Debra Brooker!, Pete
Glenister', Sian Clements', Rachel Hardistyl, Steve D.M. Brown'
"Mammalian Genetics Unit and Mouse Genome Centre, Medical
Research Council, Harwell, OX110RD United Kingdom,
“Department of Otorhinolaryngology, MacKay Memorial
Hospital, Taipei, Taiwan

A genome wide phenotype driven ENU mutagenesis approach was
adopted by our facility to describe, amongst others, novel dominantly
inherited single locus deafness disorders in the mouse. One such mutant
Junbo presents with progressive hearing loss with onset between 40 and
140 days of age. Histological examination of affected animals showed
that the deafness appears to result from effusive matter filling the
middle ear cavity providing evidence that Jumbo represents a single
locus model of otitis media with effusion (OME). Among other
phenotypic characterstics Junbo also displays partial polydactyly,
reduced body weight and craniofacial abnormalities. Here we report the
positional cloning of this mutant and the elucidation of the causal
mutation, A2318T (N763I) in the transcription regulator Evil and
present a model of how such a change in an oncogene commonly
associated with leukaemia may also predispose to OME, the most
common cause of hearing loss in children in the developed world.

@ Characterisation of the Progressive Deafness Mouse
Mutant Oblivious

#Sarah Louise Spiden’, Helmut Fuchs®, Martin Hrabe de Angelis?,
Karen Steel! 'Institute of Hearing Research, MRC, Nottingham,
United Kingdom, 2Center of Environment and Health Institute of
Experimental Genetics, GSF, Neuherberg, Germany

Progressive hearing loss has been estimated to affect more than a third
of individuals over the age of 60 and it is likely to have a significant
genetic component. Mouse mutagenesis programs have provided a
valuable resource to investigate the genetics of many hereditary
diseases. Mutations are induced using the chemical N-ethyl-N-
nitrosourea (ENU) and offspring are subsequently screened for specific
phenotypes, including hearing and balance defects. Initial
characterisation of the dominantly-inherited progressive deafness
mutant Oblivious, identified from such an ENU mutagenesis program,
is presented.

Oblivious (Obl) mutants exhibit a normal ear flick response (Preyer
reflex) to a calibrated 90dB SPL 20kHz tone-burst at two weeks of age.
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A progressive reduction in this reflex is seen in Obl mutants from 1-2
months, with most Obl mutants exhibiting no Preyer reflex by two
months. Obl mutants do not exhibit circling behaviour characteristic of
a balance defect and cleared samples of Obl mutant inner ears suggest
that the morphology of the inner ear is normal. Scanning electron
microscopy (SEM) analysis of the organ of Corti in Obl mutants at three
months revealed missing outer hair cells (OHC) throughout the length
of the cochlea, with most extensive degeneration and OHC loss present
in the base. There also appears to be some inner hair cell loss in the
base. The remaining hair cells look normal. This phenotype does not
look like any other known mouse mutant, suggesting that the Oblivious
locus encodes a novel progressive deafness gene.

Supported by the Medical Research Council, Defeating Deafness and
the EC (contract number: CT97-2715 and QLG2-CT-1999-00988).

Aging Amplifies the Effects of Early Noise Exposure in
CBA/CalJ Mice

#Sharon G. Kujawa', M. Charles Liberman', Kelly M. Brinsko', John
J. Rosowski', Bruce L. Tempel® 'Department of Otology and
Laryngology, Harvard Medical School, Eaton-Peabody Lab,
Massachusetts Eye and Ear Infirmary, Boston, MA, *Department
of Otolaryngology-Head and Neck Surgery, University of
Washington, VM Bloedel Hearing Research Center, Seattle, WA

Interactions between age-related and noise-induced hearing loss remain
poorly understood. The short life span of the mouse, as well as the
availability of strain-specific variation in cochlear aging, make this an
attractive model in which to address these questions. We evaluated
noise-induced permanent threshold shifts (PTSs) by ABR and DPOAE
in 3 groups of CBA/Cal mice: 1) 'Expose Young-Test Young' animals
were exposed at 4 wk and tested at 6 wk; 2) 'Expose Old-Test Old'
animals were exposed at 12-18 mo and also tested 2 wk post-exposure;
3) 'Expose Young-Test Old' animals were exposed at 4 wk and tested at
18-20 mo. Age-matched, unexposed cagemates served as controls.
Middle ear function was assessed by laser vibrometry.

In the Expose Young-Test Young group, a 2 hr exposure (8-16 kHz
OBN, 100 dB SPL) produced ~25-30 dB maximum PTS. The same
exposure was minimally traumatic to older animals: PTSs for the
Expose Old-Test Old group remained below 10 dB. Unexposed controls
demonstrated age-related threshold elevations: At 12 mo, shifts were
~15 dB or less; by 18 mo, thresholds were elevated 15-25 dB from
levels at 6 wk. Age-related changes in middle ear function were
observed, but could not account fully for age-related threshold shifts.

Animals in the Expose Young-Test Old group showed much larger
PTSs than expected from simple addition of the noise induced- and age-
related shifts seen in other groups: PTSs were 50+ dB across the entire
frequency range. These data suggest that early noise damage renders the
ear significantly more vulnerable to aging, and that interactions between
age-related and noise-induced hearing loss can be studied systematically
in the mouse model.

NIDCD R21 DC04983 (SGK)

Redefining the DFNB17 Interval in Consanguineous
Indian Families

#Vingshi Guo', Valentina Pilipenko', Lynne H.Y. Lim', Sigrid
Wayne?, Hongwei Dou', C.R. Srikumari Srisailapathy®, Arabandi
Ramesh®, Anne Giersch*, Daniel I Choo', Richard J. Smith?, John
H. Greinwald' 'Otolaryngology, Children's Hospital Cincinnati,
Cincinnati, OH, *Otolaryngology, University of lowa, Iowa City,
IA, 3Genetics, University of Madras, Madras, India, 4Pathology,
Brigham and Women, Boston, MA

We previously mapped the DFNB17 locus to a 3-4 ¢cM interval on
human chromosome 7q31 in a large consanguineous Indian family with
congenital profound hearing loss. To further refine this interval, 30 new
highly polymorphic markers and 8 SNPs were analyzed against the
pedigree.  Analysis in the original DFNB17 family determined the
interval to be more centromeric and larger than previously reported (9
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cM or about 11 MB on the physical map). A second consanguineous
family with congenital deafness from the same geographic region was
found to map to the redefined interval, limiting the area of shared
homozygosity-by-descent (HBD) to approximately 4MB between
markers D7S2453 and D7S525. Analysis of a genome-wide screening
revealed no other significant areas of shared HGD. Included in this
interval is the SLC2644 gene; previous sequencing of the coding and
splice site regions of this gene did not reveal mutations in either family.
DNA sequence analysis of the 5 and 3’ non-coding regions and a
putative transcription promotor site likewise revealed no mutations.
Nineteen known genes and over 20 other cDNAs have been identified
in the redefined DFNB17 interval. We have determined the cDNA
sequence and genomic structure for 4 other cochlear-expressed genes
that map to the DFNB17 interval. These include 2 isoforms of the
basement membrane proteins in the laminin family, another anion
transport gene in the SLCA family and a novel synaptophysin-like
protein presumed to be involved in vesicle transport in the neural
system. Mutation analysis for these genes is currently underway. In
conclusion, DFNB17 has been relocated to a more centromeric location
and, with the identification of another family mapping to this region, the
interval has been narrowed to approximately 4MB by physical mapping.
Mutation analysis in SLC2644 has not yet determined the cause of
DFNBI17, while analysis of several other candidate genes is in progress.

Refining the Genetic Interval for an Autosomal
Dominant Hearing Impairment Locus, DFNA27.

#Linda M Peters’, Robert A. Fridell?, Erich T.A. Bogerl, Anne C.
Madeo', Theresa B. San Agustin3 , Michael J. Brownstein®,
Thomas B. Friedman', Robert J. Morell' 1Laboratory of
Molecular Genetics, NIDCD/NIH, Rockville, MD 20850,
Department of Virology, Bristol-Myers Squibb, Wallingford, CT
06492, *US Department of Education, NIDRR, Washington DC,
DC 20202, “Section on Genetics, NIMH/NHGRI/NIH, Bethesda,
MD 20892

DFNAZ27 is a locus for autosomal dominant nonsyndromic hearing loss
on chromosome 4q12-13. This locus is defined by genetic mapping
analysis of a large North American family segregating progressive
nonsyndromic sensorineural hearing loss. The reported age of onset for
hearing loss was variable, ranging from pre-teens to late twenties.
Audiogram data showed that affected individuals under the age of 40
years exhibit moderate to profound hearing loss (30-90 dB). In older
affected individuals hearing loss was profound (> 90 dB). To map the
gene causing hearing loss in this family, we first excluded linkage to
known deafness loci and then performed a genome wide scan.
Significant evidence for linkage was found to genetic markers in a 15
cM interval between D4S428 and D4S393 (maximum LOD = 4.76 at q
= 0 for D4S3248) on chromosome 4ql12-13. Additional genotyping
analyses of polymorphic markers within this region refined the critical
interval to 5.7-cM between D4S1592 and D4S1541. The DFNA27
physical map spans 8.8 Mb of DNA and includes at least 19 predicted
and known genes. In order to identify the DFNA27 causative gene,
candidate genes will be selected for mutation detection using DNA
sequencing analysis. Future efforts include ascertaining additional
DFNAZ27 families in order to reduce the 5.7-cM genetic interval and the
identification of a mouse model.

Gene Identification for the DFNA37 Locus

#7, TALERIZADEH',J. KENYON?, P.M. KELLEY>, M.G. BUTLER',
S.D. SMITH? 'Genetics, Children's Mercy Hospital, Kansas City,
MO, *Pediatrics, University of Nebraska Medical Center, Omaha,
NE, *Genetics, Boys Town National Research Hospital, Omaha,
NE

We have previously reported linkage of dominant progressive hearing
loss in a 4-generation American family to chromosome 1p21. Linkage
analysis with markers from ABI Prism panels produced a LOD score of
8.29 for marker D1S495 at ¢=0.0. This new locus is designated as
DFNA37. Affected individual experiences an early-onset high
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frequency hearing loss, which progresses with age to include middle
and lower frequencies. The craniofacial features of affected family
members are entirely normal, and there is no history of ocular
abnormalities nor cleft palate in the family.

Using the cochlear ESTs, we identified 4 candidate genes: KIAA0893
(an unknown protein), GPR88 (G-protein coupled receptor), ABCD3
(ATP-binding cassette), and CNN3 (Calponin 3, acidic) in the DFNA37
region. We identified several SNPs in the genomic sequences of these
genes by searching the GenBank sequences. These sequence variations
will be used to verify segregation of the candidate genes with the
DFNA37 locus. Mutation screening will be performed on the gene(s)
which are linked to this deafness locus.

Genetic Mapping and Identification of an Autosomal
Nonsyndromic Recessive Deafness locus DFNB37

#Jubair M Ahmed', Robert J Morell', Saima Riazuddin', Mussaber M
Ahmad!, Saidi A Mohiddin?, Raphael C Caruso’, Shaheen N
Khan*, Lameh Fananapazir®, Tayyab Husnain®, Andrew J
Griffith®, Sheikh Riazuddin®, Thomas B. Friedman', Edward R.
Wilcox! !'Section on Human Genetics,LMG, NIDCD/NIH, 5
Research Court, Rockville, Maryland 20850, “Clinical Cardiology
Section, NHLBI, Bethesda, Maryland, *Section on Ophthalmic
Molecular Genetics, NEI, Bethesda, Maryland, “Molecular
Genetics, CEMB, Lahore, Punjab Pakistan, SSection on Gene
Structure and Function, LMG, NIDCD/NIH, Rockville, Maryland

Autosomal recessive profound nonsyndromic deafhess in a large
consanguineous family from Pakistan (PKDF10) was found during a
genome-wide scan to co-segregate with markers on chromosome 6,
defining a novel locus DFNB37. A fully informative linked marker
supported a LOD score of 6.53 at 6=0. Subsequently, linkage to
DFNB37 was found in two additional Pakistani families (PKDF71,
PKSR14) segregating recessive nonsyndromic deafness. The three
families are unrelated and carry different haplotypes for the markers
tested in the linkage region. In addition to pure-tone audiometry,
participating family members underwent medical history interviews,
physical balance tests (Romberg and tandem gait tests), and, in a subset
of hearing impaired subjects, funduscopy, electronystagmography and
electroretinogram examaninations were performed. Upon sequencing a
candidate gene from the DFNB37 linkage region, a single base pair
insertion in the open reading frame, predicted to cause a frameshift
leading to premature termination, was homozygous in affected
individuals of family PKDF10. Affected individuals of family PKDF71
have a homozygous nonsense mutation in the second to the last exon of
the same gene. The deaf individual of family PKSR14 has a
homozygous missense mutation in a non-conserved amino acid. This
mutation was not found among 351 normal representative DNA
samples from the same ethnic group or from the Human Diversity panel
(Corriell Cell Repositories). The two other mutations were not found by
sequence analysis among DNA from 100 normal control samples from
Pakistan. Screening of DNA samples indicate a prevalence of 1.5% of
DFNB37 among Pakistani families segregating severe to profound
deafness.

@ Genetic Linkage Analysis in a Pedigree with
Progressive High-Frequency Sensorineural Hearing Loss

#Valerie Ann Street’, Jeremy C Kallman?, Bruce L. Tempel3
"Department of Otolaryngology-HNS, V.M. Bloedel Hearing
Research Center, Box 357923, Seattle, WA 98195,
2Otol';u'yngology, V.M. Bloedel Hearing Research Center, Seattle,
WA,

We are characterizing a large four generation family with moderate-to-
profound bilateral sensorineural hearing loss. Auditory dysfunction in
this pedigree is noticed typically in the high frequency ranges by the
second decade of life and progresses to the mid and low-frequencies by
the fourth decade. Most affected older family members are profoundly
deaf across all frequencies. One 78-year-old family member has
undergone cochlear implantation. The mode of inheritance in this large
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pedigree appears to be autosomal dominant. A candidate loci and
genome-wide linkage analysis have been initiated on 29 DNA samples
from this pedigree.

Candidate Gene Screening for the DFNA41 Locus

#Denise Van', Zheng-yi Chen’, Xiao Mei Ouyang', Li Lin Du',
Thomas Balkany', Xue Zhong Liu' 'Department of
Otolaryngology, University of Miami, Miami, FL, *Neurology,
Harvard Medical School, Boston, MA

We have recently mapped the 41rst gene locus for autosomal dominant
hearing loss to a 15¢cM region on chromosome 12q24-qter. Affected
subjects show gender difference in the pattern of hearing loss,
suggesting the presence of a modifier. Linkage data and recombination
events between D12S1609 and D12S343 in two affected individuals
place this novel locus distal to DFNA25 in an interval defined by
D12S1609 and the telomere of the q arm of the chromosome 12. The
DFNA41 candidate region is syntenic to the mouse chromosome5
containing Bronx walzer (bv), a mouse recessive deafness mutation.
Public databases search identified numerous known genes, Unigene
clusters as well as program predicted genes in the candidate genomic
region. We are screening three potential functional candidate genes
within this interval by direct sequencing: a) the frizzled 10 gene, which
encodes a seven-transmembrane-receptor with the C-terminal Ser/Thr-
Xxx-Val motif that believed to be a binding site for scaffold proteins
with multiple PDZ domains, b) the Zing Finger Protein 10 gene (ZNF
10) that may function as a transcription factor, ¢) the epimorphin gene
encoding a protein with T-Snare coiled-coil homology domaine. We are
also using 3 single nucleotide polymorphisms (2 in 3’untranslated and 1
in coil-coil domain) of the epimorphin gene for association study.
Direct sequencing of the ZNF 10 coding sequence in DFNA41-affected
individuals revealed no pathogenic sequence changes. These results
provide evidence for the exclusion of this candidate as theDFNA41-
causative gene. In a separate study we have identified over 22,000
genes and ESTs expressed in the human inner ear. Cluster analysis has
identified ~2,000 of them (~10%) to be highly enriched in the cochlea.
Interestingly 4 cochlea-enriched genes are located within the interval of
DFNA41. Analysis of involvement of the candidate genes as well as
SNPs association study is currently underway.

Supported by ROI 05575

Refined Mapping of the Familial Laryngeal Abductor
Paralysis Locus on Chromosome 6q16-21 and Candidate
Gene Mutation Screening

*Jose M. Manaligod, Jana Van Rybroek, Naomi Lohr, Richard J.H.
Smith Otolaryngology-Head and Neck Surgery, University of
Iowa, lowa City, A

Familial laryngeal abductor paralysis(FLAP) is an autosomal dominant
inherited disorder with variable penetrance. Our previous linkage
analysis studies of a family with this order identified the first genetic
locus for this disease in the chromosome 6q16-22 region.

Further genetic linkage and haplotype analysis with both known and
novel tandem repeat markers of our own design has defined a 3.6 Mb
critical region for FLAP between D6S1692 and AL591516.5.
Additional novel repeat markers within this region also display
significant linkage to FLAP with lod scores > 3.0, consistent with our
previous data.

The FLAP region contains at least 18 known and putative genes
according to current human genome mapping data. Candidate genes
have been prioritized for mutation screening by function and tissue
expression. Single strand conformation polymorphism gel analysis and
direct sequencing of BVES, POP3, PREP and FOX03A exons and
splice sites have identified some single nucleotide polymorphisms in
this family, but none have been identified that solely segregate with the
affected individuals.
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Genetic Mapping Study of Acoustic Startle and
Prepulse Inhibition

*James F. Willott’, Kenneth R. Johnson?, Leona H. Gagnon2
'Psychology, University of South Florida, Tampa, Florida,
“Genetics, The Jackson Laboratory, Bar Harbor, Maine

The present study investigates the genetics of central auditory
processing in mice using two auditory behaviors, the acoustic startle
response (ASR) and prepulse inhibition (PPI), widely accepted as a
measure of central "sensory gating." Five inbred strains were chosen on
the basis of data obtained in a survey of 40 mouse strains being used in
the Mouse Phenome Project. AKR/J and SM/J strains exhibit extremely
large acoustic startle responses (ASRs) and very strong prepulse
inhibition (PPI), whereas strains SJL/J and MOLF/Ei exhibit small
ASRs and poor PPI. Because all four strains have normal threshold
sensitivity, the differences are assumed to reflect central brain
mechanisms. A fifth strain, C57BL/6J (B6) is used as well because it
has "average" ASRs and PPI and is the focus of mutagenesis and other
genetic studies. F1 hybrids and N2 backcross or F2 intercross mice are
being produced using the five strains. Genome-wide scans for linkage
will be undertaken to map the underlying genes as quantitative trait loci
(QTLs). The individual contribution of each new QTL and its
interactive effects with other loci will be examined by producing
defined genetic combinations on uniform strain backgrounds.

Most of the possible F1 combinations have now been tested. Among
the more interesting results, all hybrids with MOLF/Ei, a strain with
weak ASRs/PPI likewise exhibit weak ASRs/PPI. However, the results
with the other weakly responding strain, SJL/J are more complicated:
when crossed with C57BL/6J, F1 hybrids have weak ASRs/PPI but
when crossed with AKR/J, responses are strong. Other crosses exhibit
behaviors whose strength is intermediate with respect to the parental
strains. Backcrosses between selected F1 hybrids and inbred strains are
being employed for mapping.

Supported by NIH grant ROI MH61090 and the Mouse Phenome
Project, The Jackson Laboratory

@ A Human Mitochondrial GTP Binding Protein Related
to tRNA Modification May Modulate the Phenotypic
Expression of the Deafness-Associated Mitochondrial 12S
rRNA Mutation

#Min-Xin Guan', xiao-ming Li?> "Human Genetics, Cincinnati
Children's Hospital Medical Center, 3333 Burnet Avenue,
Cincinnati, Ohio 45229, *Human Genetics, Cincinnati Children,
Cincinnati, Ohio

Human mitochondrial 12S rRNA A1555G mutation has been found to
be associated with aminoglycoside induced and non-syndromic
deafness. However, putative nuclear modifier gene(s) has been
proposed to regulate the phenotypic expression of this mutation. In
yeast, mutant alleles of MSS1, encoding a mitochondrial GTP binding
protein, manifest a respiratory-deficient phenotype only when coupled
with mitochondrial 15S rRNA PR454 mutation corresponding to human
A1555G mutation. This suggests that MSS1-like modifier gene may
influence the phenotypic expression of the A1555G mutation. Here we
report the identification and characterization of human MSS1 homolog,
GTPBP3, the first identified vertebrate gene related to mitochondrial
tRNA modification. ~ The Gtpbp3 is the mitochondrial GTPase
evolutionarily conserved from bacteria to mammal. Functional
conservation of this protein is supported by the observation that isolated
human GTPBP3 cDNA can complement the respiratory deficient
phenotype of yeast mssl cells carrying PR454 mutation. GTPBP3 is
ubiquitously expressed in various tissues as multiple transcripts, but
with a markedly elevated expression in tissues of high metabolic rates.
We showed that Gtpbp3 localizes in mitochondrion. These observations
suggest that the human GTPBP3 is a structural and functional homolog
of yeast MSS1. Thus, allelic variants in GTPBP3 could, if they exist,
modulate the phenotypic manifestation of human mitochondrial
A1555G mutation.
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Skewed X-Inactivation in Carrier Females and Refined
Mapping of a Novel Deafness-Mental Retardation Syndrome

Frank J Probst!, Peter Hedera?, Maria Grazia Pomponi3 , Giovanni Neri’,
Elizabeth M Petty”, Sally A Camper’, *Donna M. Martin®
'Pediatrics, Cornell Medical School, New York, NY, ?Neurology,
Vanderbilt University, Nashville, TN, 3[stituto di Genetica
Medica, Universita Cattolica, Roma, Italy, “Internal Medicine and
Human Genetics, University of Michigan, Ann Arbor, MI,
SHuman Genetics, University of Michigan, Ann Arbor, MI,
Spediatrics and Human Genetics, University of Michigan, Ann
Arbor, MI

We previously reported three related males with congenital deafness,
mental retardation, short stature, and multiple other anomalies who
share a common haplotype on the X chromosome, between markers
DXS1003 and DXS1220 (Martin et al, 2000). The precise genetic
lesion in this family has not yet been identified. For this study, we
performed PCR analysis with multiple polymorphic markers within the
nonrecombinant interval, and excluded chromosomal deletions 5 Mb or
greater. Mutations in exons 8, 9 and 10 of the XNP gene, which cause
ATR-X syndrome, were excluded by direct sequencing. Obligate
carrier females in this family are clinically normal, and the small
pedigree size has precluded extensive genetic mapping. Using a
previously defined assay for X-inactivation at the HUMARA locus, we
identified skewed X-inactivation in peripheral leukocytes of obligate
carrier females. We ascertained carrier status in several females in the
pedigree by skewed X-inactivation, and obtained linkage to the
pericentromeric region of the X chromosome (LOD = 3.01 at DXS988).
Interestingly, there is a statistically significant preference for
transmission of the X chromosome carrying the mutation (p = 0.004), as
well as suppression of recombination within the nonrecombinant
interval (p = 0.02). We hypothesize the presence of a chromosomal
abnormality within the nonrecombinant region that suppresses
recombination and is preferentially transmitted to the developing ovum
during female meiosis. Identification of the causative mutation in this
family will offer clues to the genetic bases of hearing, cognition,
hematopoiesis, and normal growth and development.

This work was supported in part by ROI DC05053 (SAC) and KO8 HD
40288 (DMM).

Chromosomal Localization and Characterization of the
Nicotinic Acetylcholine Receptor alpha9 (CHRNAY9) Gene

*Lawrence Kobert Lustig, Huashan Peng Otolaryngology, Johns
Hopkins University, Baltimore, MD

The human nicotinic acetylcholine receptor (nAChR) subunit alpha9
gene product (CHRNA9) codes for a component of the AChR in hair
cells of the inner ear. While no direct evidence presently links this gene
to known hearing disorders, it may underlie individual susceptibility to
acoustic inner ear injury, and is associated with the autoimmune skin
disorder Pemphigus vulgaris.  Future studies will depend upon a
thorough characterization of the nAChR alpha9 gene.

The nAChR alpha9 gene was localized to chromosome 4p4p14-15.1 by
FISH analysis. Radiation hybrid mapping further localized the gene
between markers D4S405 and D4S496 (Stanford G3 panel), and
between markers WI-3875 and D4S1231 (Genebridge 4 panel),
representing a distance of approximately 3.1 cR. The D4S405 marker
has been linked to a non-syndromic form of hereditary hearing loss,
DFNB-25.

The gene contains 5 exons, separated by 4 introns. Exonsl-5 are 78,
145, 154, 532 and 877 bases, respectively. Introns 1-4 are 294, 1239,
11517, and 4571 bases, respectively. The intron-exon splice junction
sites correlate identically with those of the rat alpha9 gene and are
nearly identical to those of the human alphalO gene.
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Sequence promoter analysis reveals a number of potential regulatory
elements, including several in common with the nAChR alphalQ gene,
whose expressed protein is assumed to combine with alpha9 in the inner
ear.

Supported by NIH NIDCD K08-00189

Positional Cloning and Characterization of the Head
Bobber Locus

*Giuseppina K Somma, Fred Pereira Huffington Center on Aging,
Baylor College of Medicine, Houston, Tx

Little is known of the developmental regulation of the hearing and
balance systems, and of the genes involved in these processes. Head
Bobber is a transgenic mouse generated by a random transgene
integration. ~ Mice homozygous for the hb locus (hb/hb) are
characterized by deafness, circling behavior and repetitive head tilting.
These mice have malformed inner ears with absence of semicircular
canals and a small cochlea. The behavioral phenotypes found in hb
mice are likely contributed by malformation of the semicircular canals.
Since it is clear that hb mice have behavior and phenotypes of ear
defects, we expect the gene(s) involved to be crucial in regulating
development and functional maturation of the inner ear. We have
cloned candidate genes from the putative transgene integration site on
chromosome 7, where the transgene has been localized by FISH
analysis. We are currently identifying the specific gene or genes
affected in hb mice with respect to rearrangement of the genomic
structure and the expression pattern of the hb gene(s), particularly in
structures of the inner ear.

Does Hair Cell Espin Determine the Steady-state
Length of the Stereocilium?

Patricia A. Loomis, Gabriela Sekerkova, Lili Zheng, Enrico Mugnaini,
* James R. Partles Cell and Molecular Biology, Northwestern
University Medical School, Chicago, IL

The mechanosensory functions of hair cells require the existence of
precise variations in stereocilium length according to position in the hair
bundle and according to hair cell position in the cochlea or vestibular
system. Since the parallel actin bundle scaffold at the core of the
stereocilium has recently been shown to undergo continuous renewal
through treadmilling, we reasoned the steady-state length of the
stereocilium would increase according to the number of hair cell espin
cross-links it contained in its parallel actin bundle. Hair cell espin is an
actin-bundling protein we have localized to stereocilia and shown to be
the target of the jerker deafness mutation. Consistent with this
hypothesis, we observed a gradient of hair cell espin expression in outer
hair cells from base to apex that correlated with the known increase in
stereocilium length. To test the hypothesis, we examined the effects of
hair cell espin on the length of a related parallel actin bundle-containing
process, the microvillus, in transfected epithelial cells of the LLC-PK1
clone 4 (CL4) line. The hair cell espin became localized to the
microvilli of CL4 cells and caused a dramatic (up to 10-fold) increase in
their length. The effect required the known actin-binding sites of hair
cell espin and was not observed upon over-expression of a different
actin-bundling protein, fimbrin. The use of a series of expression
constructs of graded promoter strength revealed a positive correlation
between the level of hair cell espin expression and microvillus length.
These data suggest that hair cell espin cross-links can increase the
steady-state length of the parallel actin bundle at the core of a
microvillus or stereocilium and afford an explanation for the
degeneration of stereocilia observed in espin-deficient jerker mice.

(Support, NIH DC04314)
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Continuous Renewal of Stereocilia Based on an Actin
Molecular Treadmill.

Agnieszka K Rzadzinska, Mark Schneider, *Bechara Kachar Section
on Structural Cell Biology, National Institute on Deafness and
Other Communication Disorders, Bethesda, MD

Auditory and vestibular mechano-reception is initiated at the tips of
stereocilia bundles, which are the sensory organelles of inner ear hair
cells. It is known that stereocilia develop before or immediately after
birth according to a hair cell developmental program, which generates a
stereocilia staircase bundle precisely specified with respect to number
and height. Previously, mature stereocilia were thought to be extremely
stable because they are supported by a core structure consisting of a
rigid array of cross-linked parallel actin filaments of uniform polarity.
Structural stability is deemed important because the mechano-reception
apparatus is anchored to the actin filaments and is sensitive to
displacements at the nanometer scale. We now describe experiments
that show for the first time the rapid turnover of the structural core of
the stereocilia. To determine the locus of actin polymerization during
stereocilia development and to assess the degree of actin turnover we
transfected cultured hair cells with beta-actin-GFP. We show that the
actin filament arrays are continuously being remodeled. We calculated
that actin filaments in developing stereocilia are polymerizing at a rate
of at least 50 times the reported rate of stereocilia growth. Mature
bundles continued to incorporate actin-GFP progressively from the tips
to the base such that labeling along the entire stereocilia was reached
after 48 hours. The progressive and uniform incorporation in these fully
developed stereocilia indicated that the entire actin filament bundles and
associated proteins were treadmilling towards the base as new actin
monomers were incorporated into the filaments at the tip. Recognition
of this dynamic aspect of stereocilia is essential to understanding their
development and maintenance. This renewal mechanism could help
understand the molecular basis of several genetic, environmental and
age related inner ear disorders that involve malformation or disruption
of stereocilia.

The Hair-Cell Antigen/PTPRQ is Required For the
Normal Development of Hair Bundles and the Long-Term
Survival of Hair Cells in the Mouse Cochlea

Richard J. Goodyear', Kevin Legan', Matthew Wright?, Walter
Marcotti', Anush Oganesianz, Carmen Booth?, Cornelis Jan
Kros!, Ron Seifert’, Dan Bowen-Popez, *Guy P. Richardson’
'School of Biological Sciences, University of Sussex, Brighton,
United Kingdom, *Department of Pathology, University of
Washington, Washington, Seattle

The 275 kDa hair-cell antigen (HCA), a protein associated with hair-
bundle shaft connectors, was identified as a receptor-like protein
tyrosine phosphatase called PTPRQ. Transgenic mice with targeted
deletions in the transmembrane or catalytic domains of PTPRQ were
used to study the role of the HCA. In wild type mice, antibodies to the
intracellular domain of PTPRQ stain vestibular hair bundles from
E13.5, inner hair cell bundles from E17.5, and outer hair cell bundles
from E18.5. In mice that are homozygous for either deletion, hair
bundles are present in both the vestibule and cochlea at birth, but fail to
stain with PTPRQ intracellular domain antibodies. Transducer currents
can be recorded from the OHCs of homozygous PTPRQ transmembrane
domain mutants at P5-P7 and, although reduced in size relative to those
in wild type cells, show clear signs of adaptation. Severe anomalies in
hair bundle structure, including fusion and loss of stereocilia, become
readily apparent in the inner and outer hair cells of both PTPRQ
mutants by P8. By P80, hair cells disappear from the basal end of the
cochlea. In the mature vestibule of homozygous PTPRQ mutants, hair
bundle defects and an obvious loss of hair cells are not observed.
Mature, homozygous PTPRQ mutant mice do not exhibit any overt
signs of vestibular malfunction but fail to respond to a 20 kHz click at
100 dB SPL. Although vestibular hair cells appear to be grossly
unaffected by the mutations, transmission electron microscopy of
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samples fixed in the presence of ruthenium red reveals a complete loss
of shaft connectors.

Supported by The Wellcome Trust and the NIH.

Pharmacological Clues to the Nature of the Mechano-
Electric Transducer Channel.

*Anthony J. Ricci Neuroscience Center, LSU Health Sciences
Center, New Orleans, LA

Hair cell mechano-electric transducer (MET) channels are one of few
channels not to be identified at the molecular level. Many properties
including activation kinetics, voltage sensitivity, mechanical sensitivity,
calcium sensitivity and adaptation may not be intrinsic to the MET
channel but rather a function of accessory proteins and the machinery
that couples the channel to its stimulus. One property that is intrinsic to
the channel is the pore. Identifying chemicals that block or interact with
the pore will be useful in determining if expressed channels are the
MET channels. MET channels are nonspecific cation conductances that
have an appreciable permeability to calcium, show no voltage
dependence and have a large single channel conductance (Ohmori, 1985;
Crawford et al.,1991). Several classes of channels have similar
properties, nicotinic acetylcholine channels, cyclic nucleotide gated
(CNGQG) channels, and those channels in the vanniloid family. Potassium
channel antagonists such as TEA and 4AP were ineffective blockers of
the MET current while calcium channel antagonists diltiazem (IC50
236+50uM) and D600 (IC50 111+10uM) were effective. Nimodipine
another calcium channel blocker was ineffective. Diltiezam and D600
are known antagonists of CNG channels as is tetracaine (a local
anesthetic). Tetracaine was effective at antagonizing MET currents (
IC50 608+50uM). Curare, hexamethonium and decamethonium were
also effective antagonists of the MET channels. A hypothesis was
developed based on the common structure of these drugs, a tertiary
amine, suggesting that the charged amine will permeate the channel and
the R-group attached to the amine will serve to block the channel. All of
the compounds tested with tertiary amines either permeated or blocked
the MET current.

Supported by NIDCD and the Tinnitus Association.
Salicylate Affects on Mechano-electric Transduction

#Christopher S LeBlanc’, Anthony J. Ricci? 'Neuroscience Center,
LSUHSC, New Orleans, LA, *Neuroscience Center, LSU Health
Sciences Center, New Orleans, LA

In higher vertebrates salicylate has been used as a probe for identifying
the site of the cochlear amplifier. In vivo, salicylate alters otoacoustic
emissions (OAEs), a byproduct of the cochlear amplifier. In vitro,
salicylate shifts the voltage-dependence of the outer hair cell (OHC)
motor, thus implicating outer hair cell motility as the site for the
generation of the cochlear amplifier. Lower vertebrates and birds also
produce OAEs, despite the lack of OHCs. In addition, auditory
thresholds are comparable or better than mammalian cochlea,
supporting the hypothesis that an amplification process exists in these
hearing organs. Recent evidence has demonstrated that salicylate also
alters OAEs from lizard in a manner comparable to that of mammalian
systems. An active process residing in the sensory cell hair bundle
associated with mechano-electric transducer channels (MET) and fast
adaptation has been postulated. This hypothesis was tested by studying
the effects of salicylate on MET and fast adaptation. Hair cells from the
intact auditory papilla of the turtle were voltage-clamped and responses
to mechanical deflection of the hair bundle measured in the absence and
presence of 3 or 10 mM salicylate. Salicylate increased the magnitude
of the MET current by 18+4%. Fast adaptation was enhanced with
adaptation getting more complete and faster. Effects on the activation
curve were varied but tended to shift the curve to the right. Data is
consistent with a charge screening effect of salicylate increasing
calcium flow through the MET channels. Consistent with this
interpretation is a shift in the activation curve of the voltage-dependent
calcium current.

ARO Abstracts

11

These results implicate the hair bundle as a site of amplification and
generation of OAEs.

Work supported by NIDCD and the Tinnitus Association

Complete Sequence and Immunohistochemical
Localization of an N-type Calcium Channel in the Hair Cell
Epithelium of the Trout Sacculus

#Neeliyath A. Ramakrishnan',Marian J. Drescher!, James S.
Hatfield?, Dennis G. Drescher® 'Department of Otolaryngology,
Wayne State University School of Medicine, Detroit, MI,
*Electron Microscopy Laboratory, Veterans Affairs Medical
Center, Detroit, MI, “Departments of Otolarngology and
Biochemistry, Wayne State University School of Medicine,
Detroit, MI

The predominant voltage-gated calcium channel (VGCC) of the hair
cell is believed to be the neuroendocrine, L-type («1D or Ca,l1.3)
isoform. However, non-L-type calcium channels have been
electrophysiologically identified in hair cells of the chick cochlea
(Kimitsuki et al., Acta Otolaryngol. 114: 144-148, 1994) and bullfrog
sacculus (Su et al., Hearing Res. 87: 62-68, 1995), showing N-type
(1B or Ca,2.2) sensitivity to w-conotoxin (Rodriguez-Contreras and
Yamoabh, J. Physiol. 534: 669-689, 2001). Such non-L-type channels
appear to contribute to the calcium current of certain hair cells. In the
present investigation, we have obtained the full-length cDNA sequence
for Ca,2.2, including 5’ and 3’untranslated regions, allowing
identification of functional domains, and further have immunolocalized
Ca,2.2 within the trout saccular sensory epithelium. PCR, RACE, and
cloning of PCR products were compared for the isolated hair cell
preparation, trout brain, and a trout brain AZAP II cDNA library. The
entire saccular Ca,2.2 sequence was found to be 2,378 amino acids in
length with 62% identity to rat and human brain Ca,2.2. This sequence
manifests major molecular features characteristic of the N-type channel:
w-conotoxin binding region, synaptic protein interaction site, and a
relatively elongated II-III intracellular loop. There are three GRv
binding domains: two in the I-II intracellular loop and one near the
carboxy-terminal end. We also observed the expression of an 11-
amino-acid exon in the GRy binding region in an identical location to
that reported for chick dorsal root ganglion Ca,2.2 (Lu and Dunlap, J.
Biol. Chem. 274: 34566-34575, 1999). Selected peptide sequence from
the carboxy-terminal region was employed to yield antigen for the
development of a polyclonal antibody, which was protein-A purified
and characterized by Western blot. Immunohistochemical studies
demonstrated immunoreactivity in the saccular hair cells, concentrated
on the cell membranes, apical and lateral. The molecular characteristics
for hair-cell Ca,2.2 inferred from cDNA sequence, including the 11-
amino-acid exon of the I-II cytoplasmic loop within the By binding
region, should be predictive of function for an N-type calcium channel
contributing to VGCC conductance of saccular hair cells.

Supported by NIH R01 grants DC00156 and DC04076.

Serotonin and Its Receptors May Modulate Hair Cell
Afferent Transmission in the Trout Saccule

#Marian J. Drescher’, Khalid M. Khan?, Won J. Cho', Danny T.
Kewson', James S. Hatfield®, Dennis G. Drescher? 1Department
of Otolaryngology, Wayne State University School of Medicine,
Detroit, MI, *Department of Biological Sciences, Aga Khan
University, Karachi, Pakistan, *Electron Microscopy Laboratory,
Veterans Affairs Medical Center, Detroit, MI, 4Departments of
Otolarngology and Biochemistry, Wayne State University School
of Medicine, Detroit, MI

Evidence was previously obtained with HPLC and electrochemical
detection of biogenic amines that serotonin (5-HT) and its metabolites
were present in a model hair cell preparation from the trout saccule
(Drescher et al., ARO Abstr. 21: 113, 1998). Further, cDNA expression
of a 5-HT receptor was suggested by RT-PCR (Oh et al., ARO Abstr.
21: 111, 1998). We have now cloned the PCR products for the teleost
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hair cell layer and brain from use of degenerate primers targeting amino
acid sequence for 5-HT1A conserved across vertebrates. Sequencing of
clones indicated that the primers promoted amplification of both alpha
and beta subunits of serotonin receptors. The relative frequency for
alpha to beta for the hair cell layer was 3:1 while that for brain was 2:7.
The beta subunit expressed for both the hair cell layer and brain was the
5-HT1A receptor beta subunit. However, the message expressed for the
alpha subunit was different for the hair cell layer and brain. The alpha
subunit for brain bore highest similarity to the alpha subunit for 5-
HT1A across vertebrates. The alpha subunit for the hair cell layer most
closely resembled the alpha subunit for 5-HT1F expressed across
vertebrates, and for fish, the alpha subunit for 5-HT1A. Hence, a form
of 5-HT receptor appears to be expressed uniquely in the hair cell
preparation, not detected in brain. Further, immunohistochemical
studies have been carried out to localize the transmitter molecule 5-HT
in the saccular sensory epithelium. A complex pattern of
immunoreactivity has emerged. Immunostaining was detected in a
neural tract, tentatively termed efferent, with fibers making contact with
the base of hair cells. In addition, a subpopulation of hair cells,
corresponding to peripheral saccular hair cells, both caudal and rostral,
in longitudinal sections of the trout saccule, display immunoreactivity
for a serotonin-like molecule. Overall, the results support the
hypothesis that serotonin may modulate/mediate hair cell afferent
transmission in this saccular end organ.

Serotonin (5-HT) and Norepinephrine (NE) in Rat
Organ of Corti Analyzed by HPLC and
Immunohistochemistry: Co-localization with Synaptophysin
in Association with Outer Hair Cells of the Apical Turn

#Dennis G. Drescher’, Marian J. Drescher?, Khalid M. Khan®, James
S. Hatfield* 'Departments of Otolarngology and Biochemistry,
Wayne State University School of Medicine, Detroit, MI,
Department of Otolaryngology, Wayne State University School
of Medicine, Detroit, MI, 3Departrnent of Biological Sciences,
Aga Khan University, Karachi, Pakistan, “Electron Microscopy
Laboratory, Veterans Affairs Medical Center, Detroit, MI

Previously we demonstrated, with RT-PCR performed on
microdissected subfractions of the rat cochlea, expression of cDNA for
5-HT receptors 1A, 1B, 2B and 6 in the organ of Corti (Oh et al., Mol.
Brain Res. 70: 135-140, 1999). Biogenic amine analysis of the isolated
organ of Corti by reversed-phase HPLC and electrochemical detection
has provided evidence that the small-molecule neurotransmitters, S-HT
and NE, are present in the organ of Corti, suggesting that these
molecules may play a role in cochlear sensory transmission. Moreover,
we have observed a specific pattern of immunoreactivity in the rat
organ of Corti with primary polyclonal antibodies targeting 5-HT and
NE, in comparison with immunoreactivity for synaptophysin, a synaptic
complex protein and marker for efferents. Immunoreactivity for 5-HT
and NE is associated with the base of outer hair cells, appearing to be
concentrated in nerve fibers of small caliber. A spiral pathway was
observed for the immunostaining, following the Deiters’ cells to the
base of the sensory epithelium. The immunoreactivity appeared to
demark peripheral pathways, above and parallel to the basilar
membrane progressing towards the outer sulcus and towards the
Hensen’s cells. This pattern of immunoreactivity was also observed
with application of a monoclonal primary antibody targeting
synaptophysin. Immunoreactivity for NE and 5-HT in the outer hair cell
region decreased from apical to basal turn. Staining was observed for
both neurotransmitters beneath the inner hair cell in the apical turn,
possibly coincident with the lateral efferent innervation of type I
afferents, but in considerably less abundance than labeling by
synaptophysin.  Participation of 5-HT in modulation of hair cell
signaling was further suggested by the presence of serotonin receptor 5-
HTI1A immunoreactivity in afferent cell bodies of the spiral ganglion in
the apical turn. Overall, the evidence indicates a role for 5S-HT and NE
in modulation of the afferent signal in the cochlea.
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Extrasynaptic Colocalization of and Interaction
Between Cavl.3 and BK Channels in Mouse Inner Hair Cells

Nobuhiko Waka!, Patricia Langerl, Alfons Rusch!, Maureen W
McEneryz, Josef Platzer’, Joerg Striessnig4, * Jutta Engel’
'Dept. of Physiology II and Dept. of Otolaryngology, University
of Tuebingen, Tuebingen, Germany, “Dept.
Physiology/Biophysics, Case Western Res Sch Med, Cleveland,
OH, *Institute of Biochemical Pharmacology, University of
Innsbruck, Innsbruck, Austria, *Dept. of Pharmacology and
Toxicology, Institute of Pharmacy, University of Innsbruck,
Innsbruck, Austria

The consecutive activation of colocalized voltage-activated Ca2+
channels and Ca2+-activated K+ (BK) channels in hair cells (HC) of
lower vertebrates leads (besides synaptic transmission) to electrical
resonance and enables frequency coding in those animals. Little is
known about the interaction of the two channel types in mammalian
HCs in which frequency coding occurs mechanically. We performed
immunocytochemistry using two antibodies against the predominant
Ca2+ channel Cavl.3 (or alD) of IHCs (anti-Cav1.3-1 and Cavl.3-2,
the latter recognizing only a long C-terminal splice variant) and one
against the BK channel (Alomone Labs). Dot-like anti-Cavl.3-1
immunoreactivity along the latero-basal surface was observed in
neonatal inner hair cells (IHCs) at P6 and vanished upon further
maturation. Anti-Cav1.3-2 staining started around P12 in the ITHC
"neck" region between cuticular plate and nucleus. Anti-BK staining
appeared at P12 and became more intense until P18. Unexpectedly, the
staining was found in the same "neck" region as the Cavl.3 staining.
Neither of the antibodies gave a staining at the basal pole of the IHCs
where the synapses reside, a fact that might have been caused by the
tight packing of channels and presynaptic proteins in these areas.

Immunostaining was also performed in Cavl.3-/- mice. No Cavl.3
staining could be dected, but BK staining was lacking, too. Whole cell
current measurements revealed that no fast BK current component was
present in IHCs of Cav1.3-/- mice though BK mRNA was present as
shown by in-situ hybridisation.

Taken together, (i) Cavl.3 channels undergo a change in the splice
variant(s) during development, (ii) Cavl.3 channels and BK channels
show extrasynaptic colocalization and (iii) a posttranslational step in
BK channel expression (biosynthesis or membrane targeting) requires
functional Cavl1.3 channels.

Supported by DFG (En294/2-1,2), FWF (P-14820) and OeNB.

A KCNQ-type Potassium Current in Cochlear Inner
Hair Cells

*Dominik Oliver', Marlies Knipper’, Christian Derst', Bernd Fakler'
'Dept. of Physiology, University of Freiburg, Freiburg, Germany,
*Molecular Neurobiology, Tuebingen Hearing Research Center,
Tuebingen, Germany

Cochlear inner hair cells (IHCs) transduce sound-induced vibrations
into a receptor potential (RP) that controls afferent synaptic activity
and, consequently, frequency and timing of action potentials in the
postsynaptic auditory neurons. The RP is thought to be shaped by the
two voltage-dependent K conductances Iy ¢ and Iy  that are carried by
BK-type and Ky-type K' channels, respectively. In contrast, outer hair
cells (OHCs) function as mechanical amplifiers of cochlear vibration by
virtue of their unique electromotility. Membrane conductance of OHCs
is dominated by a K current with an unusually negative activation
range (I ,) that is mediated by KCNQ4 channels.

Using whole-cell voltage-clamp recordings in the acutely isolated
mouse cochlea we show that a similar K' current is also present in
IHC:s. This current is active at the resting membrane potential (=72 mV)
and deactivates upon hyperpolarization. It is potently blocked by the
KCNQ-channel blockers linopirdine and XE991, while it is insensitive
to tetraethylammonium (TEA) and 4-aminopyridine (4-AP), that inhibit
Ix ¢ and I, respectively. Immunocytochemistry showed expression of
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the KCNQ4 subunit in THCs, indicating that the novel K™ current is
mediated by KCNQ4 channels. In current-clamp experiments, block of
the KCNQ4 current shifted the resting membrane potential by about 7
mV to —65 mV and led to a significant activation of BK-channels.
Using BK channels as an indicator for intracellular Ca®* concentration
([Ca®™ ]y, it is shown that the shift in THC resting potential observed
upon block of KCNQ4 leads to an increase in [Ca*']; to micromolar
concentrations. In conclusion, our results show that KCNQ4 channels
set the resting membrane potential in cochlear IHCs and, thereby,
contribute to the maintenance of low [Ca®’],. Destabilization of the
resting potential and increase in [Ca’’]; as may result from impaired
KCNQ4 function in IHCs provide a novel and straightforward
explanation for the progressive hearing loss (DFNA2) observed in
patients with defective KCNQ4 genes.

Ion Channel Clustering and Synapse Formation in the
Normal and Sound-damaged Bullfrog Amphibian Papilla

#Richard A. PBaird',Miriam D. Burton!, Lane R Brown?, Dwayne D.
Simmons', Rebecca S Hooper', Steve Johnson' 'Harold W.
Siebens Hearing Research Center, Central Institute for the Deaf,
St. Louis, MO, 2Neurological Sciences Institute, 505 NW 185th
Avenue, Oregon Health Sciences University, Beaverton, OR
97006

L-type calcium channels (L-VGCCs) control, via their association with
BK potassium channels, frequency tuning in electrically tuned hair cells
(HCs) and synaptic transmission between these cells and auditory
neurons. We used fluorescent derivatives of dihydropyridine (FI-DHP)
and charybdotoxin (FI-CbTx) to examine the relationship between
channel clustering and synapse formation in the amphibian papilla (AP),
verifying with patch-clamp recordings that these derivatives retained
their specificities for L-VGCC and BK channels. We then labeled APs
for 15 mins with FI-CbTx and/or FI-DHP, immunolabeled with antisera
against myosin VI and neurofilament proteins, and used confocal and
electron microscopy to study the acquisition, distribution and
composition of channel clusters.

Mature HCs had varying numbers of puncta on their basolateral
surfaces, indicating that they possessed both L-VGGC and BK
channels. These puncta, which ranged from <0.25-1.0 um in diameter,
were restricted to the subnuclear region and strongly co-localized with
each other. Co-localized clusters also were associated with synaptic
active zones, providing a mechanism by which HCs could increase the
number of these channels without affecting their stoichometric ratio. L-
VGCC channels in immature HCs were confined to the supranuclear
region, not necessarily co-localized with BK channels, and not
associated with synaptic endings.

Caudal HCs were sublethally and lethally damaged by exposure to high-
intensity sound, with the former cells undergoing repair and the latter
being replaced by regeneration. Sublethally damaged HCs, although
deprived of synaptic endings, retained co-localized L-VGCC and BK
channels. Regenerating HCs, like developing HCs, acquired co-
localized L-VGCC and BK channels prior to synaptic innervation.

Research supported by NIH grant DC02048 and NASA grant NAG2-
1343. We thank T. Hasson of UCSD and J. Cyr of WVU for antisera
against myosin VI and cytokeratin.

Two Photon Imaging of Synaptic Release in Inner Hair
Cells Maintained in the in situ Cochlea

#Claudius Benedict Griesinger’, Christopher D Richards!,
Jonathan F. Ashmore® 'Physiology, University College London,
London, United Kingdom, *Physiology & Centre for Auditory
Research, UCL, London, United Kingdom

Inner hair cells (IHCs) precisely communicate sound features to the
postsynaptic auditory nerve by release from about 20 synaptic sites.

Using trans-epithelial stimulation in the intact cochlea, we assessed
synaptic release by two-photon imaging of synaptic vesicle populations
labelled with FM 1-43 (Griesinger et al., J Neurosci 22:3939, 2002). Up
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to 7 release sites per IHC were monitored simultaneously. Stimulation
was achieved by depolarising current pulses (20 ms) delivered at 20 to
100 Hz with amplitudes between 100 to 250 pA.

When stimulated, signal decayed by 25% within 5 s and recovered
within 30 s. Remarkably only 60% of release sites responded during a
stimulus train irrespective of the stimulation frequency. When
delivering three consecutive trains, some sites responded to every
stimulus, while others were unaffected during one or two of the trains.
Release sites within one cell also differed with regard to the extent of
release triggered: some destained completely, others only partially.
Inhibiting vesicle suppy to release sites by blocking kinesin dependent
trafficking with monastrol (50 uM) increased the decay amplitude to
about 40% and blocked signal recovery but did not affect destaining
kinetics. Yet, stimulus frequency affected kinetics. Higher frequencies
lead to faster destaining while the number of activated sites was
unchanged. Release was dependent on L-type calcium channels.
Blocking the channels with 10 uM Nimodipine strongly reduced
stimulus-dependent destaining.

The data indicate that IHCs use L-type calcium channels to trigger
synaptic release. However, only a fraction of an IHC’s release sites is
activated at a given time. This is compatible with the previously
observed heterogeneity of release site thresholds. Alternatively, IHCs
might use information divergence to ensure that not all release sites are
depleted of vesicles at the same time.

Supported by MRC, Wellcome Trust and BBSRC.

@ Ca®" Channels in Hair Cells that Mediate Transmitter
Release: Permeation, Gating and The Relevance of
Membrane Oscillations on Channel Properties

#Ebenezer Nketia Yamoah',Y.Petrov’, A. Rodriguez-Contreras’
lOtolaryngology, University of California, Davis, Davis, CA,
2Otolarngology, University of California, Davis, Davis, CA

We have demonstrated that Ca channels in hair cells consist of at least
two subtypes (Rodriguez-Contreras & Yamoah, 2001). Here, we report
the permeation properties and kinetics of gating of Ca channels in hair
cells. The channels behave as multi-ion pores, exhibiting anomalous
mole fraction effects at low concentrations of divalent cations, and the
single channel conductance of Ca channels at relevant physiological
conditions is ~2 pS. The channels showed distinct gating modes with
high- and low-open probability (Po) interspersed with periods of
quiescence: mean maximum Po for 70 and 5 mM Ba at 0.71 + 0.11 and
0.60 + 0.10, and for 70 and 5 mM Ca at 0.20 + 0.10 and 0.24 + 0.12,
respectively. The activity of the channel was ion- and concentration-
dependent. The half-activation voltage shifted in the hyperpolarizing
direction from high to low permeant ion concentrations consistent with
charge screening effects. However, the differences in the slope of the
voltage shifts between Ca and Ba (slope values 0.23 and 0.13 mV mM-
1, respectively), suggest that channel-ion interaction may also
contribute towards the gating of the channel. There were subtantial
differences between the profile of ensemble-averaged currents in Ba
and Ca, raising the possibility that the channels undergo slow Ca-
dependent inactivation. Using membrane oscillation stimuli to activate
Ca and Ba currents in hair cells, subtle features of the channels became
apparent. A kinetic scheme with parallel multiple closed and open states
is proposed to describe the gating mechanisms of the channel. Finally,
we will address the relationship between the Ca channel properties and
Ca handling in hair cells.

Supported by NIDCD.
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@l Endolymph Calcium Concentrations are Reduced in
dfw*’ Mice

#*J David Wood', Sarah Jane Muchinskyl, John T Penniston’, Adelaida
G Filoteo?, Bruce L. Tempel' 'Department of Otolaryngology-
HNS, V.M. Bloedel Hearing Research Center, Box 357923,
Seattle, WA 98195, *Biochemistry and molecular biology, Mayo
Foundation, Rochester, MN

In vertebrates, transduction of sound into an electrochemical signal is
carried out by hair cells that rely on calcium to perform specialized
functions. The apical surfaces of hair cells are surrounded by
endolymphatic fluid containing calcium at concentrations that must be
maintained by active transport. The mechanism of calcium transport
into the endolymph is unknown, but an ATP-dependant pump is
believed to participate. Mutation of the Ap2b2 gene that encodes
plasma membrane calcium ATPase type 2 (PMCAZ2) produces the deaf,
ataxic mouse: deafwaddler” (dﬁv”). We hypothesized that PMCA2
might transport calcium into the endolymph, and that dfiw” mice would
have low endolymph calcium concentrations. First, using
immunocytochemistry, we found that PMCA2 is present in inner and
outer hair cell stereocilia where it could pump calcium into the
endolymph. Second, using an aspirating microelectrode and calcium
sensitive fluorescent dye, we found that the endolymph calcium
concentrations of dfw” mice are significantly lower than those of
control mice. These findings suggest that hair cell PMCA2 contributes
to endolymph calcium maintenance.

Work supported by NIH training grant DCO00018, and grants
DC02739(BLT) and GM28835 (JTP)

Disrupted Endolymphatic pH Homeostasis in Pendrin
Knockout Mice

#Erin M White', Tao Wu', Lorraine A Everett?, Eric D Green?, Daniel
C Marcus', Philine Wangemann' 'Department of Anatomy and
Physiology, Kansas State University, Manhattan, KS, Canada,
2NHGRI, NIH, Bethesda, MD

Pendred’s syndrome, one of the most prevalent causes of hereditary
deafness, is caused by a dysfunction of pendrin. Pendrin in the cochlea
is localized in the apical membrane of spiral prominence, outer sulcus
and spindle-shaped stria cells (White et al., ARO 2003). Pendrin
knockout mice (Pds -/-) are deaf, lack a normal endocochlear potential
but have a normal endolymphatic K* concentration (Wu et al., ARO
2002). The observations that pendrin mediates DIDS-sensitive CI/OH"
or Cl'/formate exchange (Soleimani et al., 2001) and HCO;™ secretion
(Royaux et al. 2001) raised the hypothesis that pendrin mediates pH
regulation in the cochlea. The perilymphatic and endolymphatic pH
and potential (EP) were measured with double-barreled ion selective
electrodes. The cytosolic pH (pHi) of pendrin-expressing cells was
monitored by ratiometric confocal microfluorometry. The
endolymphatic pH in Pds -/- mice (pH 7.3) was markedly acidic
compared to Pds +/+ mice (pH 7.7) although the perilymphatic pH
values were similar in both mice (pH 7.7). The EP in Pds -/- and Pds
+/+ mice were -6 and 99 mV, respectively. Measurements of pHi were
performed in the gerbil. In HCO;™ free media, pHi was 6.7. CI steps
(150 to 15 mM) caused an alkalinization (ApH 0.13) that was reduced
by 1 mM DIDS and enhanced by 1 and 10 mM formate. These
observations are consistent with the hypothesis that pendrin is an anion
exchanger that mediates HCO; secretion necessary for pH homeostasis
although it is conceivable that the acidic pH of endolymph in Pds -/-
mice, which lack the EP, is simply the result of the eliminated driving
force. In either case, the data suggest that Pendred’s Syndrome is
associated with a disturbance of endolymphatic pH homeostasis.

Supported by NIH-RO1-DC00212 and NIH-ROI1-DC01098
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Pendrin, KCNQ1, KCNE1 and ZO-1 in the Gerbil and
Mouse Inner Ear: Confocal Immunolocalizations

#Erin M White', Beatrice Albrecht', Lorraine A Everett?, Eric D
Greenz, Daniel C Marcusl, Philine Wangemann1 1Department of
Anatomy and Physiology, Kansas State University, Manhattan,
KS, *NHGRI, NIH, Bethesda, MD

Pendred’s syndrome, one of the most prevalent causes of hereditary
deafness, is caused by a dysfunction of pendrin. Pendrin knockout mice
(Pds -/-) are deaf, lack a normal endocochlear potential, have an acidic
endolymphatic pH and a normal endolymphatic K concentration (Wu
et al., ARO 2002; White et al., ARO 2003). Interestingly, pendrin has
been shown to mediate HCO; secretion in the kidney (Royaux et al.
2001). In the cochlea, pendrin is expressed in the spiral prominence and
outer sulcus and in the vestibular labyrinth in transitional cells (Everett
et al., 1999). The cellular localization of the pendrin protein is
undetermined and the relationship between pendrin and the
endocochlear potential is currently unclear. The goal of the present
study was to localize the pendrin protein. Pendrin, KCNQI and
KCNE1 (two subunits of the K™ channel in apical membrane of strial
marginal cells) and ZO-1 (a tight junction protein) were localized by
confocal immunocytochemistry in inner ear cryosections from gerbils,
normal (Pds +/+) and pendrin knockout mice (Pds -/-). Pendrin was
localized exclusively in the apical membrane of spiral prominence,
outer sulcus and spindle-shaped stria cells of the cochlea and
transitional cells of the vestibular labyrinth. Further, pendrin was found
in the root cells of the cochlea. Spindle-shaped stria cells were
identified by their proximity to ZO-1 labeled basal cells and clearly
distinguished from marginal cells by the absence of KCNQI1. Pendrin
was absent in cochleae of Pds -/- mice. Colocalization of KCNQI1 and
KCNE1, which has previously been shown in normal mice and gerbils
(Albrecht et al., ARO 2002), was found also in Pds -/- mice. This
observation is consistent with the normal K’ concentration in
endolymph of these mice. The localization of pendrin raises the
hypothesis that pendrin mediates pH regulation of endolymph through
HCOj secretion.

Supported by NIH-RO1-DC01098 and NIH-RO1-DC00212

@ Simulation of Corticosteriod Pharmacokinetics in the
Inner Ear Fluids

#Stefan K. R Plontke', Alec N. Salt® 1Otorhinolaryngology, Head
and Neck Surgery, University of Tiibingen, Tiibingen Hearing
Research Center, Tiibingen, Germany, “Otolaryngology,
Washington University School of Medicine, St. Louis, MO

The delivery of drugs to the inner ear by direct application to the round
window membrane is a promising way for the treatment of human inner
ear disorders. To design well-controlled clinical trials using the method,
preclinical studies are necessary that document pharmacokinetics,
toxicity and dose-effect relationships. Since pharmacokinetic
measurements in the human cochlea are not possible, computer
simulations provide a valuable tool for the interpretation and planning
of animal studies, for evaluating the effect of changes in application
protocols and drug delivery systems, and for extrapolating the results
from animal studies to the human. The present study has analyzed
quantitatively the prior published data of measurements of
concentration time courses of corticosteroids in the cochlear fluids
(Parnes et al, Laryngoscope, 109,1,1999; Bachmann et al., HNO
49,538,2001). This was performed by calculations with an established
finite element computer model of the cochlear fluids, which is available
in the public domain at http://oto.wustl.edu/cochlea/. The time course of
corticosteroid pharmacokinetics could be approximated for each study
by simulation of movements of substances in inner ear fluids. Although
the experimental studies reported considerably different drug levels in
the fluid samples taken from the cochlea, these differences could largely
be explained by considering the very details of the experimental design
of the respective studies. The likely perilymph concentrations derived
for each of the studies were within a factor of two of each other. The
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simulations demonstrate that the duration that drug remains in the
middle ear after an intratympanic injection is a dominant factor in the
drug level achieved. It can be concluded that small differences in
clinical application protocols may cause large changes in the drug levels
achieved in the inner ear fluids.

Quantification of Cerebrospinal Fluid Contamination
of Perilymph Samples Taken from the Basal Cochlear Turn.

#lec N. Salt, Christian Kellner, Shane Hale Otolaryngology,
Washington University School of Medicine, St. Louis, MO

Our knowledge of the perilymph kinetics depends largely on results
obtained by the analysis of perilymph samples taken from the cochlea.
In the present study we have quantified the degree of carebrospinal fluid
(CSF) contamination of perilymph samples taken from the basal turn of
the  guinea  pig  cochlea  using the ionic  marker
trimethylphenylammonium (TMPA). In each experiment, TMPA
solution was irrigated across the round window membrane while a
TMPA-selective electrode sealed into scala tympani continuously
monitored perilymph TMPA concentration. After a period of TMPA
loading, a single perilymph sample was aspirated and its TMPA content
was determined. The sample concentration and the measured TMPA
time course during loading and perilymph sampling were interpreted
using a finite-element computer model for simulation of solute
movements in the inner ear fluids, available in the public domain at
http://oto.wustl.edu/cochlea/. The experimental results were consistent
with the aspirated fluid sample from the cochlea being replaced by CSF
drawn into the perilymphatic space through the cochlear aqueduct.
Samples taken through the round window membrane showed
contamination varying from 20% for a 1 uL sample to 65% for a 5 uL
sample. The relationships between sample purity, the cochlear location
of sampling, and the sample volume withdrawn were defined.
Quantification of the relationships will aid in the design and
interpretation of experiments that utilize perilymph sampling.

Cochlear Responses to Acute Endolymph Volume
Changes

#Davud Baradaran Sirjani’, Ruth Hughes', Alec N. Salt®
'Department of Otolaryngology, Washington University School
of Medicine, Saint Louis, MO, 2Depar‘cment of Otolaryngology,
Washington University School of Medicine, St. Louis, MO

Endolymph volume disturbances are believed to be a primary factor
contributing to the cochleovestibular disturbances associated with
Meniere's disease. The present study was designed to document the
effects on inner ear function of endolymph volume disturbances,
induced by microinjection of artificial endolymph into scala media.
Volumes up to 1.2 pL were injected over a 15 min period into the
second cochlear turn of normal guinea pigs, with up to 3 injections
performed in each preparation. Function was monitored at 30 sec
intervals using Tucker-Davis hardware controlled by custom software.
Measurements included the endocochlear potential (EP) from the
second turn, cochlear microphonics (CM), summating potential (SP)
and action potential (AP) amplitude in response to 4 kHz, 90 dB tone
bursts, AP thresholds at 8§ kHz and 2.8 kHz and the CM to a single
phase, 500 Hz, 90 dB stimulus. Single phase CM was analyzed for
harmonic distortion and operating point (Kirk and Patuzzi, Hear. Res.
112: 69, 1997). During the first injection, the EP, CM amplitude and
thresholds at 8 kHz were almost unaffected, while thresholds at 2.8 kHz
showed a reversible elevation of about 15 dB. SP, CM distortion and
CM operating point showed substantial changes, although the direction
and magnitude of the change varied from animal to animal and with
repeated injections. The results showed that even though endolymph
volume disturbances cause only minor elevation of AP thresholds, other
aspects of cochlear physiology, most specifically measures of CM
distortion, were markedly influenced. The development of diagnostic
methods for abnormal endolymph volume states requires a greater
understanding of volume-induced changes.
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DC00022 (DS)

L-type Calcium Channel alC Subunit is Expressed in
Spiral ligament Fibrocytes

Wei Hu', Fenghe Liang', Bradley A. Schulte', * 247 jun Sher’
'Pathology and Laboratory Medicine, Medical University of
South Carolina, Charleston, SC, *Pathology & Laboratory
Medicine, Medical University of South Carolina, Charleston,
South Carolina

It is widely recognized that spiral ligament fibrocytes (SLFs) are
actively involved in maintaining K+ homeostasis in the inner ear.
Recent studies from our group have demonstrated that a big
conductance voltage- and Ca2+-dependent K channel (BK) is the
dominant membrane conductance in type I SLFs and that the function
of BK channels is influenced by extracellular Ca2+ levels. Although the
mechanisms regulating Ca2+ homeostasis in type I SLFs have not been
established, it is known that these cells express an intracellular Ca-
ATPase. The aim of this study was to investigate the possible
expression of L-type Ca2+ channels in type I SLFs, which may
contribute to Ca2+ homeostasis in these cells by moving extracellular
Ca2+ into an intracellular compartment.

The expression of L-type Ca2+ channels was screened by Western blot
analysis using polyclonal antibodies against the alC, alD and alE
subunits. Only the alC subunit was identified with a single band near
100 Kd. Expression of the alC subunit was further confirmed by RT-
PCR analysis. Total RNA was extracted from cultured type I SLFs,
freshly isolated SLFs and gerbil heart as a positive control tissue. All
three samples showed a single PCR product of the expected size, which
was conclusively identified as the L-type Ca2+ channel alC subunit by
DNA sequencing.

These results demonstrate the expression of the functional alC subunit
of the L-type Ca2+ channel both in cultured type I SLFs and SLFs in
vivo. The physiological properties and relevance of the L-type Ca2+
channel to SLF function remain to be determined.

This work was supported by grants DC5148-01 and DC00713-11 from
NIDCD

Aquaporin 2 in the Epithelium of Human
Endolymphatic Sac

#Vincent Couloigner’, Dominique Berrebi’, Alexis Bozorg-Grayeli3,
Francoise Cluzeaud*, Olivier Sterkers®, Michel Peuchmaur?,
Evelyne Ferrary’ 'ENT, R. Debré pediatric hospital, Paris,
France, 2Pathology, EA 31-02, R. Debré hospital, Paris, France,
3ENT, Beaujon Hospital, Clichy, France, “Faculté Xavier Bichat,
INSERM U.478, Paris, France, *Faculté Xavier Bichat, INSERM
EMI-U 0112, 16, rue Henri Huchard, Paris, 75018 France

The endolymphatic sac may participate to endolymph homeostasis by a
double mechanism of fluid reabsorption and luminal secretion of
osmotically active molecules. In most epithelia, transepithelial water
fluxes occur through membranous water channels named aquaporins.
Aquaporin 2 (AQP-2) has been localized in the renal collecting duct and
its membranous insertion is regulated by antidiuretic hormone. The aim
of the present study was to detect the presence of AQP-2 in a human
endolymphatic sac.

The sac was sampled during a translabyrinthine approach for removal of
a vestibular schwannoma and immediately fixed in 10% formaline.
Rabbit polyclonal anti-AQP-2 antibody was used (Cluzeaud et al., Am J
Physiol 1998; 275:C1602-9). Positive immunostaining was observed in
a subset of epithelial cells, mostly in the cytosol and more rarely in the
basolateral membrane. In situ hybridization is currently underway to
localize AQP-2 mRNA.

The presence of AQP-2 within the endolymphatic sac suggests that this
channel is involved in water transport through the sac epithelium.
Considering the predominant cytosolic localization of AQP-2, water
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flux through this channel is probably low or null in the endolymphatic
sac of this patient. In other cases, membranous insertion may be
upregulated by antidiuretic hormone, as receptors to this hormone have
been localized in the rat endolymphatic sac. In conclusion, in human
endolymphatic sac, the presence of AQP-2 suggests that this water
channel is involved in the regulation of the volume and/or composition
of endolymph.

Effect of Calmodulin Inhibitors on Gap Junctional
Coupling in Isolated Hensen-Cells of the Guinea Pig Cochlea

#lexander Bloedow', Anaclet Ngezahayol, Arne Ernst’, Hans-Albert
Kolb' '"University of Hanover, Institute of Biophysics, Hanover,
Germany, “Department of ENT, Unfallkrankenhaus Berlin,
Berlin, Germany

In the mammalian organ of Corti supporting cells are responsible for the
recycling of endolymphatic potassium ions released by the sensory cells
during mechanosensory transduction. Thus supporting cells, which
show strong gap junctional coupling, play an essential role for the
maintenance of endolymphatic potential and of cochlear ionic
homeostasis. In order to evaluate the physiological mechanisms and the
corresponding signal transduction pathways which influence gap
junctional coupling in supporting cells the double whole-cell patch-
clamp technique was applied to Hensen-cells of guinea pig organ of
Corti.

Calmodulin (CaM) is an ubiquitous Ca2+ -binding protein that controls
many cellular events, including the activation of several proteins,
enzymes and ion channels. The work was focused on the effect of
calmodulin inhibitors on gap junctional coupling in isolated Hensen-
cells. Addition of either a conventional calmodulin antagonist (W7 and
trifluoperazine) or of a calmodulin inhibitory peptide (MLCK peptide)
caused a decrease of gap junctional conductance. Monitoring the
cytoplasmic free calcium concentration ([Ca2+]i) by Fura-2 showed no
significant change of [Ca2+]i by W7. Neither chelation of [Ca2+]i by
10 mM BAPTA nor use of nominally Ca2+- free external bath
suppressed the W7-induced gap junctional uncoupling. The results
show that calmodulin inhibitors induce gap junctional uncoupling at
unchanged global [Ca2+]i. Therefore it is suggested that a CaM-
dependent gating mechanism is involved in gap junctional coupling in
isolated Hensen cells.

Supported partially by a grant from the Fritz-Thyssen-Stiftung.

Bumetanide-induced Enlargement of the Intercellular
Space in the Stria Vascularis is Dependent on Perilymphatic
Na®

#Kasumi Higashiyama', Shunji Takeuchi!, Hiroshi Azuma', Motonori
Ando?, Akinobu Kakigi', Taizo Takeda' 'Otolaryngology, Kochi
Medical School, Nankoku, Japan, *Physiology, Kochi Medical
School, Nankoku, Japan

It is known that loop diuretics such as furosemide and bumetanide
inhibit Na'-K'-2CI" cotransporter. These inhibitors cause not only a
decline in the endocochlear potential (EP) but also acute morphological
changes in the stria vascularis (Pike and Bosher, 1980, Hear Res 3: 79-
89). One of the morphological changes is a marked enlargement of the
intercellular space in the stria vascularis (intrastrial space). The
enlargement of the intrastrial space is likely to be caused by
accumulation of solutes, most likely ions, which drag water osmotically.
We have reported that the bumetanide-induced enlargement of the
intrastrial space is dependent on the activity of Na"-K'-ATPase (Azuma
et al., 2002, Acta Otolaryngol, in press). In this study, we examined the
role of perilymphatic Na* for this morphologic change. Guinea pigs
were anesthetized and perilymphatic perfusion was performed from the
scala tympani of the basal turn to the scala vestibuli of the basal turn at
a flow rate of 10 pl/min. The EP was measured from the second turn.
Morphological changes in the stria vascularis of the second turn were
examined by transmission electron microscopy. Perilymphatic perfusion
with a control perfusate did not cause apparent changes in both the EP
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and the strial morphology. Perilymphatic perfusion with 100 puM
bumetanide dissolved in the control perfusate caused a decline in the EP
and a marked enlargement of the intrastrial space. Perilymphatic
perfusion with a Na'-free perfusate for 30 min caused a decline in the
EP by 15-30 mV. Perilymphatic perfusion with the Na'-free perfusate
followed by additional 40-min perfusion with 100 uM bumetanide
(dissolved in the Na'-free perfusate) did not cause the enlargement of
the intrastrial space. These results indicate that perilymphatic Na' is
responsible for the bumetanide-induced enlargement of the intrastrial
space.

Regulation of Endocytosis in the Marginal Cell by
ROCK and MLCK

#kinobu Kakigi’, Teruhiko Okada?, Taizo Takeda', Shunji
Takeuchi', Shoichi Sawada', Kasumi Higashiyamal, Kazuhiro
Yamakawa', Hiroshi Azuma', Harumichi Seguchi2
lOtolaryngology, Kochi Medical School, Nankoku, Japan,
2Ana'[omy, Kochi Medical School, Nankoku, Japan

The marginal cell of the stria vascularis (SV) is thought to have pivotal
role in the regulation of the endolymph metabolism. If the tracers were
injected into the cochlear duct, the marginal cell endocytoses CF, the
marker of receptor-mediated endocytosis, and microperoxidase (MPO),
the marker of fluid phase endocytosis. The actin filament is required for
the endocytosis in the marginal cell. Myosin motor activity is controlled
by the regulatory light chain of myosin (MLC). Phospharylation of
MLC plays a critical role in controlling actin-myosin interaction. MLC
phospharylation is regulated by myosin light chain kinase (MLCK) and
myosin  phosphatase. MLCK is phospharylated by several
serine/threonine protein kinase including ERK, ROCK, PKC, PKA,
PAK and DAPK. ROCK dose not only phospharylate MLC directly, but
also inhibit myosin phosphatase.

Rho-family small GTPase are key modulators of the cytoskeletal
dynamics. Cdc42 is required for cell polarity, whereas Rac promotes
lamellipodial extensions via to align filamentous actin. ROCK is the
downstream effector of Rho A activity and also the upstream signal of
Cdc42 and Rac 1. Thus the cellar effects of ROCK on the actin filament
could be mediated through Rho-family.

In this study, we investigated the signal cascade to regulate the receptor-
mediated and the fluid phase endocytosis in the SV. To show that MLC
has a pivotal role in the endocytosis, MLCK specific (ML-7) and
ROCK specific (Y-27632) inhibitor were used. The tracer, CF or MPO,
in the artificial endolymph containing ML-7 or Y-27632 were infused
into the cochlea duct of guinea pigs. After 30 min infusion, the SV was
harvested and treated as routine procedures of EM.

The results show that each of ML-7 and Y-27632 moderately inhibit the
endocytosis of CF and MPO. These results suggest that MLC has an
important role in the receptor-mediated and fluid phase endocytosis, and
that MLC exists downstream of both ROCK and MLCK and controlled
by the two signal systems.

Crosstalk Between Na/K-ATPase and Na-K-2Cl
Cotransporter Revealed by Genetic Engineering

#Rodney C Diaz', Hongwei Dou?, Hanqi Chu', Ellen Ingallal,
Catherine T Tamse', Ana Elena Vazquez', Emma Lou Cardell?,
Jerry Lingrel®, Gary E Shull, Hilary A Brodie', Karen Jo Doyle',
Ebenezer N Yamoah' 'Otolaryngology, University of California,
Davis, Davis, CA, *Molecular Genetics, University of Cincinnati,
Cincinnati, OH

The basolateral isoform of the Na-K-2Cl cotransporter NKCC1 and the
Na/K-ATPase isoforms al and a2 are present in the mammalian
cochlea and are active in K+ cycling and homeostasis.

We use ABR, DPOAE, LM, SEM, and EP measurements to evaluate
the auditory phenotypes of heterozygous NKCC1™", al™, and 02™
mutant mice. We find that single deletion of either NKCCI1, al, or a2
independently shows progressive hearing loss with minimal
deterioration of cochlear morphology with age. Double heterozygote
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deletion of NKCC1 with al shows progressive deterioration in ABR
threshold with age. However, double heterozygote deletion of NKCC1
with a2 shows apparent preservation of hearing threshold with age, with
DPOAE levels blunted at high frequencies but preserved at low
frequencies. Cochlear morphology under LM and SEM is grossly
preserved over age in both groups of double heterozygotes.

We induce a pharmacologic model of the double heterozygote
mutation by administration of furosemide and digoxin to wild type
mice. We find that mice treated with NKCC1 antagonist furosemide
show deterioration in ABR threshold, while mice treated with Na/K-
ATPase antagonist digoxin prior to furosemide challenge show
preservation of ABR threshold.

We invoke a model of cochlear K+ cycling whereby NKCC1 acts in
parallel with al and functions as the rate limiting step in K+ secretion
from the intrastrial compartment to the endolymph. a2 may serve as the
rate limiting step in K+ uptake from the endolymph. Functional
suppression of either protein causes deterioration of auditory function.
However, suppression at both sites simultaneously can hinder
deterioration of auditory function with age.

Supported by NIDCD.

Corticosteroids Stimulate Sodium Absorption via
Epithelial Sodium Channels (ENaC) in Semicircular Canal
Duct (SCCD) Epithelium

*Satyanarayana K. Pondugula,Joel D. Sanneman, Daniel C. Marcus
Anatomy & Physiology Dept, Kansas State University,
Manhattan, KS

SCCD is known to secrete Cl into vestibular endolymph. We sought to
determine whether SCCD was also capable of cation absorption in
response to stimulation by corticosteroid receptors. SCCD cells of
neonatal rats were cultured to confluence on permeable supports and
transepithelial voltage (VT) and resistance (RT) were measured in an
Ussing chamber at 37°C. Dexamethasone (DEX) and aldosterone
(ALDO) increased short circuit current (Isc = VI/RT) over a 10 — 15 h
interval with an EC50 of 17 nM and 236 nM, respectively. The time
course is consistent with genomic regulation of Isc by DEX. Isc was
blocked and RT increased by apical amiloride (IC50 ~1 pM) and
benzamil (IC50 ~0.1 uM) but not EIPA, consistent with Isc carried by
ENaC. The amiloride sensitivity was nearly abolished when apical Na
was replaced with K, demonstrating a high Na-selectivity of Isc. DEX
(100 nM) stimulated Isc was inhibited by the glucocorticoid receptor
(GR) antagonist Mifepristone (MIF; 1 uM) but not by the
mineralocorticoid receptor (MR) antagonist spironolactone (SPI; 10
uM), suggesting stimulation of Isc by activation of GR. Hydrocortisone
(HC)-stimulated amiloride (AMIL)-sensitive Isc with an EC50 of ~0.1
uM, which is in the physiological range of plasma concentration (0.1-1
uM). Similar to DEX, the effect of HC was not inhibited by SPI.
Aldosterone (ALDO) stimulated AMIL-sensitive Isc and the effect of
ALDO (1uM) was partially blocked by 1 & 10 uM SPI and completely
blocked by either 100 uM SPI or 100 nM MIF (n=1), consistent with
stimulation of Isc by activation of both GR and MR. It was found that
amiloride in corticosteroid-treated epithelia did not prevent stimulation
of Isc by forskolin, a stimulator of Cl secretion. We conclude that
SCCD contribute to the homeostasis of endolymph via bi-directional
transport of Na via ENaC under control of GR and MR and transport of
Cl under control of B2-adrenergic receptors coupled to intracellular
cAMP.

Supported by NIH ROI-DC212.

Characteristics of Blood-Labyrinth Barrier

*Steven K. Juhn, Seahyoung Lee, Brian Hunter, Seunguk Oh,
Vladimir Tsuprun, Yun-Woo Lee, William Jurney, Rick Odland
Otolaryngology, University of Minnesota, Minneapolis, MN

The blood-labyrinth barrier (BLB) is an important homeostatic
mechanism that protects most of the intricate biological structures of the
inner ear. It is well established that the maintenance of a constant
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composition of the inner ear fluids is essential for the functional
integrity of the inner ear. In earlier studies of the BLB, we have
reported that small molecular weight molecules entered the perilymph
in a dose and time dependent manner. Several ototoxic drugs have been
shown to cross the BLB and enter the perilymph with a rate of
elimination from perilymph that is much slower than from serum. In
experimental animals, numerous biological substances such as osmotic
agents, aminoglycoside antibiotics, diuretics, radiolabeled ions and
salicylates have been injected into the blood and recovered from
perilymph at a rate that was inversely related to the molecular weight of
the substance. When BLB is disrupted, leakage of the blood
components results in damage to the ion transport system in the inner
ear tissues. Bacterial inoculation (S. pneumoniae) into the middle ear or
systemic injection of osmotic agents are known to cause the disruption
of BLB in the lateral wall of the cochlea. This disruption can damage
the ion transport system of the lateral wall of the cochlea and lead to the
disturbance of inner ear homeostasis resulting in functional anomaly of
the auditory system. The results of on-going projects related to the
characteristics of the BLB will be presented and discussed.

Functional B-Adrenergic Receptors in the Gerbil Inner
Ear

*Claudius Fauser, Philine Wangemann Department of Anatomy and
Physiology, Kansas State University, Manhattan, KS

Sympathetic stimulation during a fight or flight reaction may put the
sensory systems for hearing and balance into a state of heightened alert.
Sympathetic activation was found to stimulate K* secretion in stria
vascularis via Bj-adrenergic receptors (B;-AR) and to enhance cochlear
blood flow. The aim of this study was to localize B-AR in the gerbil
inner ear. P;-AR were localized by confocal immunocytochemistry and
characterized by Western immunoblots.  Functional B-AR were
localized pharmacologically by measuring cAMP production in
microdissected inner ear tissue fractions. Staining for B;-AR was found
in strial marginal cells, inner and outer hair cells, outer sulcus cells, and
spiral ganglia cells of the cochlea, as well as in dark, transitional and
supporting cells of the wvestibular labyrinth. Receptors  were
characterized in five microdissected inner ear tissue fractions (stria
vascularis, non-strial lateral wall, organ of Corti, modiolus, and
vestibular labyrinth) as 55 kDa and as 160 kDa species. Functional
pharmacological studies using the B-AR agonist isoproterenol and the
subtype-specific antagonists CGP-20712A and ICI-118551 revealed
that the predominant 3-AR subtype in stria vascularis and organ of Corti
is the B1-AR and that the predominant B-AR subtype in modiolus is the
B,-AR. These observations demonstrate that 3-AR are present in tissues
that mediate K* cycling, sensory transduction and auditory processing.
Our studies support the hypothesis that f-AR enhance the performance
of the inner ear during fight or flight situations.

Supported by NIH-ROI1-DC01098

Filling of Capillaries in the Stria Vascularis with Red
Blood Cells After a Short-Time Stasis of Blood Flow:
Contribution by Active Ion Transport

#Shunji Takeuchi’, Hiroshi Azuma', Kasumi Higashiyama', Yukihiro
Sato?, Akinobu Kakigi', Taizo Takeda' 'Otolaryngology, Kochi
Medical School, Nankoku, Japan, *Otolaryngology, Sato ENT
Clinic, Okayama, Japan

It has been reported that strial capillaries are markedly filled with red
blood cells (RBCs) when the tissue is chemically fixed a few minutes
after decapitation by perilymphatic perfusion of a fixative. In contrast,
the filling of capillaries with RBCs is not observed when the cochlea of
a living animal is chemically fixed by the same method (Watanabe, Ann
Otol Rhinol Laryngol 95: 427-431, 1986). We speculated that ion
transport conducted by strial cells during stasis of blood flow might be
related to the filling with RBCs, and examined the role of Na'-K'-
ATPase for the filling with RBCs. Albino guinea pigs were deeply
anesthetized, and artificially ventilated. The cochlea was exposed, and
the stapes was dislocated to secure the drainage of fixative and/or
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artificial perilymph. Animals were divided into three groups. In the
experiment#1 (Ex#1), cochleae were fixed in vivo. In the experiment#2
(Ex#2), cochleac were fixed three minutes after decapitation. In the
experiment#3 (Ex#3), perilymphatic perfusion with the artificial
perilymph containing 1mM ouabain was performed prior to
decapitation. Then cochleae were fixed three minutes after decapitation.
Thin sections for transmission electron microscopy were made. The
ratio of RBC volume to the volume of capillary lumen (Vzpc/Vcr) was
estimated by the point counting method (Weibel, Stereological Method.
Academic Press, New York, 1979). Data were presented as mean +
SEM (n, number of capillary sections). The Vipc/V, values were
0.64+0.04 (Ex#1, n=17), 0.96+0.02 (Ex#2, n=23), and 0.81+0.01 (Ex#3,
n=10). These results indicate that Na'-K'-ATPase by itself and/or
mechanisms dependent on the electrochemical gradient of ions created
by Na“™-K"-ATPase contribute to the filling of RBCs in strial capillaries.

Measurement of Cochlear Blood Flow by Digital Power
M-Mode Doppler Ultrasound Flowmetry

#Arne H. Voie, Mark A. Moehring Research & Development,
Spencer Technologies, Seattle, WA

A Doppler ultrasound device has been developed to measure cochlear
blood flow in the spiral modiolar vein. This pulse Doppler device
employs a 12 MHz sub-millimeter catheter-mounted transducer, and
delivers a 16 cycle transmit burst at 8 kHz pulse repetition frequency to
interrogate blood flow at up to 11mm from the tip of the transducer.
Signal averaging is employed to improve SNR and simultaneously
improve velocity resolution over the range from 0 to 4mm/s. The probe
is advanced to the round window membrane and observes flow in the
spiral modiolar vein through a 20 micron layer of bone and the scala
tympani. The digital signal processor in the instrument receiver section
incorporates 33 sample gates to be analyzed and displayed
simultaneously in an M-mode format. This unique display, referred to
as power M-mode, allows the user to locate quickly the blood flow
signals up to 11 mm from the face of the transducer. The device was
tested in a guinea pig model as a prelude to human clinical trials.
Cochlear blood flow was imaged in a total of twenty guinea pigs, and
hemodynamic responses to vasoactive and ultrasound contrast agents
were demonstrated. Results of these tests are presented.

This work was supported by NIDCD SBIR R44DC03623

Multi-mechanisms Mediate Acetylcholine-induced
Hyperpolarization and Relaxation in Smooth Muscle Cells of
the Spiral Modiolar Artery

#Zhi~Gen Jiang’, Hui Zhao®, Chunfu Dai’, Alfred L. Nuttall'
'OHRC/Otolaryngology, Oregon Health & Science University,
Portland, OR, “Otolaryngology, Shanghai Chinese Traditional
and Western Medicine Combined Hospital, China, People's
Republic of, *Otolaryngology, Fudan University EENT Hospital,
China, People's Republic of

Acetylcholine (ACh) dilates cochlear blood vessels and muscarinic
antagonists reduce cochlear blood flow, suggesting a role of cholinergic
control of the inner-ear circulation. We recently showed that cells in
isolated guinea pig cochlear spiral modiolar artery (SMA) exhibit bi-
stable resting potential (RP) near —40 or —75 mV, called low and high
RP, respectively, and ACh induces hyperpolarization only in the low RP
cells but a depolarization in high RP cells. Only the hyperpolarization
in muscle cells was suppressed by a gap junction blocker suggesting an
endothelium-origin of the response. Using intracellular recording,
propidium iodide dye labeling and vasodiameter-tracking techniques on
the in vitro SMA, we found that: 1) myoendothelial dye-coupling was
often detected after an intracellular recording longer than 30 min; 2)
ACh hyperpolarized both endothelial and smooth muscle cells when
they had a low RP level. Bat+ (100 uM) or combined with 10 puM
ouabain attenuated the ACh-hyperpolarization in muscle cells but not in
endothelial cells; 3) the ACh-induced hyperpolarization and dilation
both were blocked by 50 nM 4-DAMP or charybdotoxin. The ACh-
hyperpolarization was also blocked by 10 uM nifedipine but not by No-
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nitro-L-arginine methyl ester, glipizide, indomethacin and ions of Ni or
Cd. We conclude that, in the SMA, ACh-induced hyperpolarization
originates from endothelial cells via activation of M3 receptors and
calcium-activated potassium channels, and is independent of releasing
NO or cyclo-oxygenase products. The calcium influx is via
dihydropyridine-sensitive Ca-channels. ACh-induced hyperpolarization
and relaxation in the muscle cells involve two mechanisms: 1) electrical
spread of the hyperpolarization from the endothelium and 2) activation
of inward rectifier K-channels and Na-K-ATPase pump current by
elevated interstitial K-ion released from the endothelial cells.

Supported by grants of DRF, Oregon MRF and NIH NIDCD DC00105

Tonically Released Nitric Oxide Activates ATP-
Sensitive K-Channels of Smooth Muscle Cells and Dilates
Guinea Pig Spiral Modiolar Artery

#Zhi~Gen Jiang', Jun-Qiang Si%, Xiaorui Shi', Hui Zhao®, Alfred L.
Nuttall' 'OHRC/Otolaryngology, Oregon Health & Science
University, Portland, OR, “Physiology, Shihezi University
Medical Cellege, Shihezi, China, People's Republic of,
3Otolaryngology, Shanghai Chinese Traditional and Western
Medicine Combined Hospital, China, People's Republic of

Nitric oxide (NO) is a potent vasodilating agent implicated in cochlear
blood flow regulation. We recently demonstrated that exogenously
applied NO-donor DPTA-NONOate hyperpolarizes both endothelial
and smooth muscle cells of the spiral modiolar artery (SMA) via
activation of ATP-sensitive K-channels (Karp). Bath application of
DPTA-NONOate (0.1 - 30 pM) caused a concentration dependent
hyperpolarization in all the low resting potential (RP,~-40 mV) cells,
with an ECsq of 1 uM. The hyperpolarization was completely blocked
by glipizide, a blocker of Krp, but not by blockers for other K-
channels. Using intracellular recording techniques, vaso-diameter video
tracking method and NO-sensor measurement, we investigated a
possible tonic release of NO in this in vitro preparation and its role in
maintaining the vascular tone. With a calibrated NO-sensor (WPI), we
found that the freshly prepared 0.1, 1, 10 and 30 uM DPTA-NONOate
solution produced about 1, 10 100 and 300 nM of NO in the recording
bath. But the 3 h old solutions produced NO concentrations that were
only a third of those by the fresh ones. Secondly, 300 uM L-NAME, a
NO-synthase inhibitor, and 3 uM glipizide caused a depolarization of
4.5 and 3.2 mV, respectively in low RP cells. Finally, L-NAME but not
glipizide produced 2-4 pm reduction in the SMA diameter (~40 um) in
the majority of freshly isolated SMAs. In the presence of glipizide, L-
NAME still produced a vaso-constriction. We conclude that 1) the ECs,
of DPTA-NONOate produces ~10 nM NO, indicating a high NO-
sensitivity of the SMA, and 2) there is a tonic release of NO in the in
vitro SMA that activates Kpp, thus contributes several millivolts to the
resting membrane potential and several micrometer diameter relaxation
in the vasotone, but the K,p activation plays little role in the relaxation.

Supported by grants of DRF, Oregon MRF and NIH NIDCD DC00105

Pharmacology of Acetylcholine-Induced
Hyperpolarization and Depolarization in Guinea Pig in vitro
Spiral Modiolar Artery

#ui Zhao', Alfred L. Nuttall?, Zhi-Gen Jiang2 IOtolaryngology,
Shanghai Chinese Traditional and Western Medicine Combined
Hospital, China, People's Republic of, “°OHRC/Otolaryngology,
Oregon Health & Science University, Portland, OR

Acetylcholine (ACh) induces hyperpolarization and depolarization in
the spiral modiolar artery (SMA) depending on the high or low level
resting potential of the recorded cell (Jiang et al. J. Physiol. 2001). The
ACh—hyperpolarization is an endothelium-dependent event while the
ACh-depolarization originates at least partially in muscle cells. ACh
also produces vasodilation and constriction dual effects in various
vessels. Using in vitro SMA and intracellular recording methods, we
examined pharmacological profiles of these opposite membrane effects.
We found: 1) ACh induced hyperpolarization in nearly all low RP cells
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tested (RP=~-37 mV) with an ECsy of 0.93 puM while elicited
depolarization in all high RP cells (RP=~-77 mV) with an ECs, of 0.26
uM. But both responses had maximums at similar concentrations (30-
100 uM). 2) The ACh-induced hyperpolarization was near completely
(98.6%) blocked by 25 nM 4-DAMP, partially (50.6%) blocked by 50
nM pirenzepine and not significantly changed by 100 nM
methoctramine. 3) The ACh-depolarization was near completely
(97.6%) blocked by 50 nM 4-DAMP, 17% reduced by 50 nM
pirenzepine and 13% attenuated by 100 nM methoctramine. 4) The
estimated Kp were less than 100 pM and 10 nM of 4-DAMP and
pirenzepine, respectively, for ACh-hyperpolarization, and less than 1
nM and 10 nM of 4-DAMP and pirenzepine, respectively, for ACh-
depolarization. We conclude that M3 receptor is the main mediator for
both ACh-induced hyperpolarization and depolarization in the SMA,
whereas a small role of M2 receptor may involve in ACh-
depolarization. The different affinity for the M3 antagonist between the
receptors responsible for the hyperpolarization and depolarization may
reflect distinct molecular structures of the M3 receptors expressed in the
SMA endothelial vs. muscle cells.

Supported by grants of DRF, Oregon MRF and NIH NIDCD DC00105

“Alport Syndrome” Mice Exhibit Lateral Wall
Dysfunction Following Acoustic Overstimulation

#Michael Anne Gratton', Michael J. Ruckenstein', Dominic E.
Cosgrove® 'Otorhinolaryngology-HNS, University of
Pennsylvania, Philadelphia, PA, *National Usher Syndrome
Center, Boys Town National Research Hospital, Omaha,
Nebraska

Several animal models of human diseases associated with high
frequency hearing loss such as Alport syndrome, diabetes mellitus and
systemic lupus erythematosus exhibit an abnormally thick basement
membrane in capillaries of the stria vascularis.  Strial capillary
basement membranes of the mouse model of Alport syndrome (129Sv-
Col4a3) contain increased amounts of collagen IV, laminin, and
entactin. We suspect that matrix protein accumulation in the strial
capillary basement membrane confers a susceptibility to environmental
stress that culminates in the high frequency hearing loss observed in
many Alport patients. Our previous work (Gratton et al, 2002, ARO
25:251) revealed a heightened susceptibility to noise in the “Alport”
mouse as contrasted with normal littermates. The acoustic sensitivity
displayed by the 129SV-Col4a3 mice is thought to reflect dysfunction
of the lateral wall since hair cells showed no damage from the noise.
The present study was undertaken to investigate whether differences in
strial function exist between the “Alport” mice and their normal
controls.

The magnitude of the endocochlear potential was monitored in the basal
turn of nine-week old 129Sv-Col4a3 “Alport” mice and normal
littermates. A subset of each group was exposed to the same noise used
to document noise susceptibility with the ABR technique (8-16 kHz,
106 dB SPL, 10 Hr). The EP data was analyzed with ANOVA followed
by a posthoc Student-Newman-Keuls. The average EP value in the
Alport mice was substantially lower than that of normal counterparts.
Noise exposure significantly lowered the EP in Alport mice, but had no
effect was noted in the EP magnitude in the normal mice. The
decreased EP in the Alport mice suggests that accumulation of matrix
proteins in the strial capillary basement membrane may compromise
lateral wall function.

Pro-Inflammatory Cytokine Receptors in the Lateral
Wall of the MRL-Fas™ mouse

#). Michael Patterson, Michael J. Ruckenstein, Michael Anne
Gratton Otorhinolaryngology-HNS, University of Pennsylvania,
Philadelphia, PA

The MRL-Fas? (Lupus) mouse, a model of the multisystemic
autoimmune disease, exhibits elevated evoked potential thresholds,
decreased endocochlear potentials, antibody deposition in strial
capillaries, and strial degeneration. However, these changes occur in the

ARO Abstracts

absence of an inflammatory response in the stria vascularis. Cytokines,
particularly those in the Tumor Necrosis Factor (TNF) family, can
mediate cell death in the absence of a classical inflammatory response.
Cytokine dysregulation with progressively increasing levels of
circulating proinflammatory cytokines is noted in this murine model.
We hypothesize that the observed cell death of strial intermediate cells
is mediated by cytolytic cytokines. In order for cytokines to mediate
cytolytic processes, the target cells must express appropriate high
affinity cytokine receptors. Thus, if elevated circulating cytokines play
a role in the observed strial pathology, at least one of their receptors
must localize to capillaries of the stria vascularis.

Temporal bones of young (8-9 week) and adult (20 week) MRL-Fas"",
MRL/H+, and B129Sv mice were perfused, decalcified and paraftin-
embedded. Sections cut in the mid-modiolar plane were immunostained
with polyclonal antibodies directed against five different cytokines
receptors: TGFB-R1 and R2, TNF-R1 and R2, and IL-1R1. Capillaries
of the stria vascularis reacted with antibodies for TGFB-R2, TNF-R1
and R2, and IL-1R1 in the three mouse strains. While the level of
reactivity varied among the receptors, staining appeared equally strong
among all strains with the exception of TGFB-R2, which was most
intense in the MRL-Fas”" strain. The presence of these receptors on
strial capillaries provides initial support for the hypothesis that
circulating TGFB, TNFa and/or IL-1 are involved in mediating strial
cytolysis in Lupus mice.

Age-Dependent Uptake of Fluorescently-Conjugated
Gentamicin by Murine Cochlear Hair Cells.

#Peter S. Steyger’, Chunfu Dai? 1Oregon Hearing Research Center,
Oregon Health & Science University, Portland, OR,
%Otolaryngology, Fudan University EENT Hospital, Shanghai,
China, People's Republic of

Previous studies have shown that remote injections of fluorescently-
conjugated gentamicin are accumulated by hair cells in the inner ear of
bullfrogs, chicks, guinea pigs and neonatal mice. Other researchers have
shown that the fluorescent molecule FM1-43 enters hair cells and a
variety of other tissues known to contain mechano-sensitive channels
(Meyers et al, 2002 ARO abstracts, #619). In this study we used Texas
Red-conjugated gentamicin (GTTR) (a 1:300 molar dilution in 500
mg/ml gentamicin) to compare the in vivo distribution of this conjugate
in 6-day and 21-28 day old mice.

In both 6 and 21-28 day old mice, GTTR preferentially accumulated in
kidney proximal tubule cells, neuronal somas in the dorsal root
ganglion, and sensory cells in the tongue, whisker bulb, and Merkel
cells.

In 6-day old mice, considered to have immature auditory function,
GTTR fluorescence could be observed in cochlear hair cells within 30
minutes of a single 300 mg/kg gentamicin (as previously described). In
contrast, in 21-28 day old mice, considered to have functionally mature
auditory function, little GTTR fluorescence could be observed in
cochlear hair cells when dosed with a daily injection of 300 mg/kg
gentamicin for 1-3 days.

These studies show that GTTR enters a wide variety of tissues known to
contain mechano-sensitive channels, and that entry into cochlear hair
cells appears to be dependent on the maturation of the blood-labyrinth
barrier.

Funded by NIDCD 04555 (PSS).
Unilateral Transtympanic Gentamicin Uptake in the
Inner Ear: Distribution and Apoptotic Cascade Activation

#Pamela C Roehn', Michael Ellis Hoffer?, Keith Allen?, Carey
Balaban' 'Otolaryngology, University of Pittsburgh, Pittsburgh,
PA, *Naval Medical Center, Department of Defense Spatial
Orientation Center, San Diego, CA

There is increasing evidence of inner ear ganglion cell damage

following aminoglycoside administration. Using a chinchilla model we
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explored the effects of minipump (Alza 2002, 1 ul/hr) unilateral
transtympanic injections of gentamicin (10mg/ml) on vestibular and
spiral ganglion cells. Histological sections of decalcified temporal
bones were stained immunohistochemically to identify the distribution
of gentamicin (anti-gentamicin, Sigma) and markers of activation of the
apoptosis cascade (anti- cleaved caspases 3, 7, 9 and intact PARP, Cell
Signaling Technologies). Intense anti-gentamicin immunoreactivity
was observed within 4 hours of injection in spiral and Scarpa’s ganglia
cells, stria vascularis, and intracellular connective tissues of the injected
ear. Peak anti-gentamicin staining occurred 8 hours post injection, with
persistence after 14 days in ganglion cells only. All ipsilateral ear
structures (including bone cells) were positive at 1:500 antibody
dilution; only soft tissues were positive at 1:5,000-50,000 dilutions.
Contralateral ganglion cells showed less intense gentamicin staining.
Contralateral inner ear gentamicin uptake was confirmed by
autoradiographic localization of tritiated gentamicin. No significant
evidence of a gradient of anti-gentamicin staining was found in either
the ipsilateral or contralateral spiral ganglion (p > 0.1). Cleaved
caspases 3, 7, 9, and intact PARP were expressed by both spiral and
Scarpa’s ganglion cells with peak expression at 48-72 hours after
injection.  Transtympanically injected gentamicin is retained in
ganglion cells of the inner ear for an extended period and is associated
with activation of pro-apoptotic signaling pathways. Such a process
may have profound implications on both the success of cochlear
implantation in patients following systemic aminoglycoside therapy and
on the advisability of clinical practices of transtympanic gentamicin
therapy and of ototopic aminoglycoside treatment.

Oxidative Reactions Promoted by Aminoglycoside
Antibiotics

#Wo jeiech Gracjan Lesniak’, Jochen Schacht?, Vincent Pecoraro’,

Etai Goldenberg® 'Department of Otolaryngology, University of
Michigan, Ann Arbor, Michigan, 2University of Michigan,
Kresge Hearing Research Institute, Ann Arbor, MI, *Department
of Chemistry, University of Michigan, Ann Arbor, MI,
“Department of Otolaryngology, University of Michigan, Ann
Arbor, MI

Aminoglycoside antibiotics are widely used for the treatment of serious
infections caused mainly by Gram-negative and some Gram-positive
bacteria A major problem in therapy with aminoglycosides is their
potentially high oto- and nephrotoxicity.

Our previous studies have shown that adverse affects of
aminoglycosides could be related to interaction with transition metals
ions like Fe(II)/Fe(Ill), Cu(Il) and oxidative reactions promoted by
forming metal complexes [1,2,3,4].

To gain deeper knowledge of the mechanism of oxidative reactions
facilitated by aminoglycoside antibiotics we performed systematic in
vitro studies using variety of the reactive oxygen species indicators. We
examined in detail reactions of gentamicin and its iron and copper
complexes (in the presence and absence of H202 and 0O2--) with
arachidonic acid, cytochrom C, epinephrine, N,N-di-methyl-p-
nitrosoaniline, nitro blue tetrazolium and lucigenin. The sum of the
results indicate that both gentamicin alone and its metal complexes
facilitate reactions with reporter molecules in the presence of O2:-. On
the contrary only metal-gentamicin species are reactive towards H202.

1) E. M. PRIUSKA, J. SCHACHT. Pharmacol. 50: 1749 - 1752, 1995

2) E. M. PRIUSKA, K. CLARK-BALDWIN, V. L. PECORARO, J.
SCHACHT Inorg.Chim. Acta. 273: 85 - 91, 1998

3) B. B. SONG, S. H. SHA, J. SCHACHT Free Radical. Biol. Med. 25:
189 - 195, 1998

4) WOICIECH LESNIAK, WESLEY R. HARRIS, JOSLYN
YUDENFREUND-KRAVITZ, JOCHEN SCHACHT, VINCENT L.
PECORARO Coordination pattern and reactivity of copper(I)-
gentamicin complexes submitted
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Necrotic and Apoptotic Hair Cell Death Induced by
Kanamycin in vivo

*Hong—Yan Jiang, Andra E Talaska, Su-Hua Sha, Jochen Schacht
University of Michigan, Kresge Hearing Research Institute, Ann
Arbor, MI

The initial biochemical toxic events triggered by aminoglycosides (e.g.,
formation of reactive oxygen species) are followed by downstream
pathways of cell death or survival. A considerable body of literature
implicates apoptosis in hair cell loss in cochlear and vestibular organ
culture. Both apoptosis and necrosis may occur in vivo. Lysosomal
pathways of cell death should be of special interest in attempts to
explain aminoglycoside toxicity, because lysosomes are a site of drug
accumulation both in the kidney and the inner ear.

We investigated transcription factors and components of cell death
pathways in a mouse model. CBA mice received 700 mg kanamycin bid
for 3, 7 or 14 days, and markers of cell death pathways were assessed at
these times as well as 1, 2 and 3 weeks after the end of treatment. Hair
cell loss in the basal turn was barely evident at 7 days, reached about
30% at 14 days of treatment and was almost complete 3 weeks
thereafter. ABR was essentially normal at 7 days but showed significant
functional deficits at 14 days; the final threshold shift was around 50 dB
(at 24 kHz).

Results can be summarized as follows: Markers for apoptotic pathways
(TUNEL, JNK, caspase and PARP1-fragments 23 and 89 kDa) were
absent during treatment but were seen in a small number of cells 1 week
after the end of treatment. In contrast, noise-exposed cochlea showed
intense staining for apoptosis markers. Apoptosis-inducing factor, a
marker for caspase-independent apoptosis or necrosis-like apoptosis
was not translocated into the nucleus at any time. Expression of
cathepsin D, a lysosomal protease implicated in necrosis, and its
precursors was increased during treatment with kanamycin. Necrosis
may be a major form of early outer hair cell death in kanamycin
treatment, possibly linked to lysosomal mechanisms.

Supported by research grant DC-03685 from the National Institute on
Deafness and Other Communication Disorders, NIH.

Calpain Plays More Important Roles than Caspase in
Aminoglycoside Induced Hair Cell Death

*Junko Sato, Toshimistu Hashimoto, Atsushi Matsubara, Atsushi
Namba, Hideichi Shinkawa Otorhinolaryngology, Hirosaki
university school of medicine, Hirosaki, Japan

To find methods to prevent aminoglycoside ototoxicity, it is necessary
to understand the mechanisms. Until some years ago, it had still not
been determined what type of cell death, apoptosis or necrosis, occurred
in cochlear hair cells following aminoglycoside treatment. But recently
it has been shown that aminoglycoside induces apoptosis in hair cells.
The most famous protease associated with apoptosis is caspase. More
recently, however, evidence has accumulated that noncaspases,
including calpain, also have important roles in mediating and promoting
cell death. Calpain, a family of calcium dependent cysteine proteases, is
known to promote cell death in several organs. To investigate the
apoptotic mechanisms of ototoxic and/or acoustic injury, protease
inhibitors such as leupeptin which is a calpain inhibitor, and BAF (Boc-
Asp(Ome)-fluoromethyl ketone), which is a caspase inhibitor, are
generally used. In the present study, we cultured cochlea explants,
which were prepared from P6 mice, with or without protease inhibitor.
After culture periods, these specimens were stained by Phalloidin-FITC
and observed with a laser microscope. We then counted the surviving
hair cells and compared the protective effects of the inhibitors.
Additionally we stained other specimens by the TUNEL method to
detect DNA fragmentation. The result was that leupeptin significantly
protected against aminoglycoside induced hair cell loss, however, the
protective effect of BAF was negligible. Also we showed that leupeptin,
but not BAF, prevents apoptotic DNA fragmentation after
aminoglycoside treatment, using the TUNEL method. These results
suggest that the hair cell loss induced by aminoglycoside is apoptosis,

Volume 26, 2003



and that compared with caspase, calpain plays a more important role in
this pathway.

JNK Signaling in Hair Cell Death and Regeneration

*Jonathan I Matsui, Mark Warchol Central Institute for the Deaf,
Washington University, St. Louis, MO

The c-Jun-N-terminal kinases (JNK) have been implicated in hair cell
death following aminoglycoside-treatment (Pirvola et al., J Neurosci,
20:43) and in tissue repair (Ramet et al., Dev Biol 241:145). We
examined the effects of CEP-11004, an indirect inhibitor of JNK
activation, on cell death and regenerative proliferation in the avian
utricle.

Chick utricles were cultured for 24 hours with 1mM neomycin and
varying concentrations of CEP-11004. Hair cells were identified by
immunoreactivity to calretinin and hair cell densities were quantified.
CEP-11004 promoted hair cell survival in a dose-dependent manner
with maximal protection at 1.6 pM. Utricles treated at that dose
contained 95+5% of hair cells in the extrastriolar region vs. 48+3% in
cultures treated with only neomycin. Other studies examined the
presence of phosphorylated c-Jun after neomycin treatment. Increased
numbers of p-c-Jun-labeled hair cells were observed at 3-12 hours after
neomycin treatment, whereas increased pyknotic nuclei were observed
at 12-24 hours. Ototoxic hair cell death can be prevented by treatment
with the caspase inhibitor BAF (Matsui et al., J Neurosci, 22:1218).
Treatment with BAF did not reduce the number of p-c-Jun-labeled cells,
but treatment with CEP-11004 inhibited both p-c-Jun and caspsae-3
activation, suggesting that c-Jun phosphorylation occurs upstream of
caspase activation.

The role of JNK in supporting cell proliferation was also examined. The
density distribution of p-c-Jun-labeled supporting cells closely
paralleled the density distribution of cell proliferation in epithelial
cultures. Treatment with 1.6 uM CEP-11004 reduced proliferation in
epithelial cultures to 30£6% of control values. JNK activation may
serve a dual role in the avian ear, in both hair cell death and in
regenerative proliferation.

Supported by the NOHR, NIDCD, and NASA.

Gentamicin Treatment Increases Expression of mRNA
Encoding the Proapoptotic Factor BAD in the Organ of
Corti

#Kwang K Pak, Ara Sahakian, Dominik Brors, Ancil Philip, Alex
Battaglia, Allen F. Ryan Otolaryngology, UCSD, La Jolla, CA

Recent evidence suggests that apoptosis is involved in the death of hair
cells exposed to ototoxins such as the aminoglycoside antibiotics. The
bel-2 family of proteins play a critical role in the intrinsic pathway of
apoptosis, by influencing the integrity of the mitochondrial membrane.
To explore factors that may contribute to apoptosis, we evaluated the
expression of mRNA encoding the pro-apoptotic bel-2 family member
BAD in rat organ of Corti exposed to gentamicin in vitro. Organ of
Corti was harvested from postnatal day 4 rats and divided into basal,
middle and apical turns. The samples were placed in tissue culture with
or without 50 [micro]M gentamicin, for 24 hours. Cell death at this
dosage is not observed until approximately 48 hours. Six samples of
each turn were pooled for mRNA extraction and cDNA generation. The
levels of BAD and beta actin cDNAs were assessed using real-time
PCR, by comparison with standard curves. Levels of BAD cDNA were
normalized by beta actin expression in each sample set. The experiment
was replicated four times. In all four experiments, the level of relative
BAD cDNA was higher in the gentamicin-treated than in the control
samples from basal turn organ of Corti. Relative BAD ¢cDNA was
higher in three out of four experiments in the gentamicin-treated middle
and apical turn cDNA samples. The results suggest that increases in
BAD expression may be involved in gentamicin-induced damage to the
organ of Corti.
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Streptomycin and Gentamicin Have No Effects ON
Outer Hair Cell Motility

#Shuping Jia', David Z.Z. He* 'Biophysics, Boys Town National
Research Hospital, 555 N 30th Street, Omaha, NE 68131,
“Biophysics Lab, Boys Town National Research Hospital,
Omaha, NE 68131

The cochlear outer hair cell (OHC), which plays a crucial role in
mammalian hearing through its unique voltage-dependent motile
responses, has been well established as primary targets of the ototoxic
actions of aminoglycoside antibiotics. Although the ototoxicity
eventually leads to hair cell loss, these polycationic drugs are also
known to block a wide variety of ion channels such as
mechanotransducer channels, purinergic ionotropic channels and
nicotinic ACh receptors in acute preparations. In this study, we
attempted to study the effects of streptomycin and gentamicin on OHC
motility by measuring motility and nonlinear capacitance
simultaneously from isolated guinea-pig OHCs. Stair-step voltage
stimulus from —140 to 50 mV in 10 mV steps was used to evoke
motility. Motility was measured by a photodiode-based measurement
system. Nonlinear capacitance was determined by transient analysis of
currents induced by the staircase voltage stimulus, and the capacitance
function was fit to the first derivative of a two-state Boltzmann function
relating nonlinear charge to membrane voltage. Streptomycin and
gentamicin were applied extracellularly through a puff pipette or
intracellularly through patch pipettes. Motility and nonlinear
capacitance were measured before and after streptomycin or gentamicin
was applied to the extracellular medium for 5 minutes. No significant
changes in motility and nonlinear capacitance were observed with 1 or 5
UM concentrations. = We also measured motility and nonlinear
capacitance after gentamicin or streptomycin was applied
intracellularly. Motility and nonlinear capacitance remained essentially
the same after 5-minute perfusion. Our study suggests that gentamicin
and streptomycin have no effects on OHC motility.

Supported by NIH grant R0O1 04696.

Antioxidant Gene Therapy Against Aminoglycoside
Ototoxicity

*Kohei Kawamoto, Ryosei Minoda, Humayun Nousheen, Yehoash
Raphael Otolaryngology, Kresge Hearing Research Institute,
Ann Arbor, MI

Aminoglycoside induces oxidative stress and causes hair cell (HC) loss
in the inner ear, leading to hearing loss that is permanent in mammals.
Several molecules such as iron chelators, neurotrophic factors and
antioxidant drugs have been applied systemically and showed protective
effects in the inner ear against several kinds of oxidative stresses.
Because of the short half-life of the antioxidant enzymes in the plasma
and the lack of uptake of the proteins into cells, gene transfer is a
promising approach to deliver these drugs into cells of the inner ear.
We set out to determine the extent of protection provided by antioxidant
gene therapy against ototoxicity. We inoculated adenoviral vectors that
contain the genes encoding for human catalase or superoxide dismutase
(SOD2) (designated as Ad.cat and Ad.SOD2, respectively) into the
guinea pig cochlea. Before the inoculation, we established base line
ABR thresholds. For control, we inoculated artificial perilymph (AP) or
adenovirus containing no gene cassette (Ad.empty). Five days after
adenovirus inoculation, all the animals were treated bilaterally with a
combination of kanamycin and ethacrinic acid. Seven days later, ABRs
were measured and the animals euthanized. In Ad.cat and Ad.SOD2
inoculated groups, hearing and the HCs of the inoculated (left) ears
were significantly protected compared to the contralateral ears. Ad.cat
and Ad.SOD2 provided better preservation of hearing and HCs than the
control inoculations. Ad.SOD2 provided better protection than Ad.cat.
In conclusion, we demonstrated the feasibility for antioxidant gene
therapy in the inner ear and that SOD2 protects HCs effectively against
ototoxic insult.

Supported by NIH/NIDCD Grant DC01634.
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IB1/JIP-1 Peptides Protect Hearing And Auditory Hair
Cells From Noise And Aminoglycoside-Induced Apoptotic
Death.

#zel Zine', Jin Wang’, Christophe Bonny®, Francois DeRibaupierre',
Jean Luc Puel® 'Institute of Physiology, University of Lausanne,
Lausanne, Switzerland, 2INSERM U254, Université de
Montpellier I, Montpellier, France, *CHUV, University of
Lausanne, Lausanne, Switzerland

Hearing loss can be caused by a variety of factors including acoustic
trauma or ototoxic insults that principally affect the sensory hair cells
which die via an apoptotic pathway associated with the c-Jun amino
terminal kinase (JNK), a member of the stress-activated family of MAP
kinase. We have studied the effects of IB1/JIP-1, a scaffold protein that
prevents the interaction between JNK and its numerous targets such as
c-Jun , on the traumatized cochlea. As model systems, we used guinea
pigs cochleas exposed to an acoustic trauma and organotypic cultures of
neonatal mouse cochleae. In organotypic cochlear cultures, IB1/JIP1
prevented totally neomycin-induced hair cell loss. This finding and the
observed increase of phosphorylation of one JNKs target, the
transcription factor c-Jun, in stressed hair cells are demonstrations of
the ability of IB1/JIP-1 peptides to prevent hair cell loss. In vivo,
IB1/JIP1 was delivered to one ear via a mini-osmotic pump in guinea
pigs exposed to a sound trauma (6 kHz, 120 dB SPL, 30 min).
Protection was assessed physiologically by the change in 8th nerve
compound action potential threshold and histologically by hair cells
survival counts. Animal ears that were perfused with IB1/JIP1 peptides
showed less threshold shift and less hair cell loss than non-treated
contralateral ears. These results indicate that INK pathway is involved
in both neomycin and sound induced hair cell loss and that its blocking
by a small permeable peptide acting on the intracellular signaling
cascade, such as IBI/JIP-1 might be of therapeutic value to confer
morphological and functional protection.

The Effects of Glucocorticoid on Protection Against
Aminoglycoside Ototoxicity in the Guinea Pig

#Chiemi Himeno', Mototane Komeda', Masahiko Izumikawa', Masao
Yagil, Keiji Takemura®, Tadashi Doi', Hiromichi Kuriyamal,
Toshio Yamashita' 'Otolaryngology, Kansai Medical University,
Moriguchi, Japan, Otolaryngology, Kansai Medical University,
Moriguchi-city, Japan

Steroid hormones are the mainstream of treatment, however, because of
the existence of the blood-labyrinthine barrier, the local dose of cochlea
and therapeutic mechanism are still unclear. Fundamental study
designed direct intra-cochlea infusion of pharmacologic agents with
osmotic pumps was evaluated. We investigated the effect of
Dexamethasone (Dex) following trauma by coadministration of
kanamycin (400mg/kg) and ethacrynic acid (40mg/kg) on guinea pigs,
using brainstem response (ABR) and survival rate of hair cells. For the
experimental pre treatment groups (Group 1), Dex was administered
using implanted osmotic pumps filled with 0.1, 1 and 10ng/ml Dex
delivered via a catheter to the left scala tympani. ABR recordings were
performed on day O and 28. Infusion of Dex was before and after
KM/EA treatment for a total of 28days. On the 1ng/ml Dex infused ear,
the mean ABR threshold after ototoxicity was reduced about 20dBSPL
and showed significant higher OHC survival rate compared to
contralateral ear. Dex (1ng/ml) showed the most effective result on both
ABR threshold and OHC survival rate. For the experimental concurrent
and post treatment groups, we examined two patterns of Dex infusion.
Group 2 received AP for 14 days and then 1ng/ml Dex for 14 days;
animals were deafened with KM/EA on day 14. Group 3 received AP
and Dex with the same protocol as group 2;animals were deafened on
day 12. ABR threshold shifts in the pump-implanted ears were
significantly smaller than in the contralateral ears in group 2, but these
were not significantly in group 3. The OHC survival rates of the
implanted ears of group 2 and 3 were significantly greater than that of
the contralateral ears. This result suggests that early infusion of Dex is
more effect against aminoglycoside ototoxicity. Our studies have
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demonstrated that local administration of Dex directly to the inner ear,
preceding aminoglycoside administration, is effective in attenuating
both auditory physiology and morphology.

The Effect of the Pan-caspase Inhibitor in the Guinea
Pig Inner Ear During Intracochlear Administration of
Gentamicin

*Takeshi Okuda, Kazuma Sugahara, Hiroaki Shimogori, Hirotaka
Hara, Hiroshi Yamashita Otolaryngology, Yamaguchi University
School of Medicine, Ube, Japan

On a disorder of inner ear hair cell of various drug including
aminoglycoside drug, the probability that apoptosis is involvement of
the cell death is reported. We administered gentamicin and pan-caspase
inhibitor to the perilymph of the guinea pig cochlea to investigate its
protective effect on the apoptosis of inner ear hair cell.

We assessed auditory brain stem response (ABR) thresholds to evaluate
cochlear function and observed the sensory epithelium using fluorescent
microscopy. Fourteen days after treatment, gentamicin only caused
ABR threshold shift, but threshold remained moderately. The ABR
threshold showed an more slowly increase in the guinea pigs treated
gentamicin and pan-caspase inhibitor than that of gentamicin only.
Histopathological examination revealed severe hair cell damages in
cochlear endorgans in guinea pigs given 12 mg gentamicin after 14
days. In guinea pigs given gentamicin and pan-caspase inhibitor, outer
hair cells were survival in the third turn. These results suggest that pan-
caspase inhibitor may play an important role in cochlear protection of
inner ear disorder by topical therapy.

Outer Hair Cells are Protected by IGF-I Against
Aminoglycoside Ototoxicity

*Takeshi Oshima, Seung Ha Oh, Kohei Kawamoto, Yehoash Raphael
Otolaryngology, KHRI, Ann Arbor, MI

Once cochlear hair cells (HCs) are lost they are not replaced. It is
therefore important to protect HCs against degeneration due to insults
such as overstimulation, ototoxic drugs and infections. Insulin-like
growth factor-I (IGF-I) is a potent survival factor in a variety of cells
and tissues. In the mammalian inner ear, IGF-I and its binding proteins
have been shown to change their expression levels following an
ototoxic insult. The aim of the present study was to determine the
extent of protection of IGF-I against cochlear HC degeneration due to
aminoglycoside-induced ototoxicity. Mature female pigmented guinea
pigs were used. Normal hearing was confirmed and baseline auditory
thresholds established with ABR audiometry. On day-1, an osmotic
mini-pump was filled with human recombinant IGF-I (or vehicle
solution) and implanted in the interscapular subcutaneous tissue. The
cannula tip was placed in the basal turn of the left cochlea via
cochleostomy at the scala tympani, so that IGF-I was infused
continuously (0.5 pl/hr, from day-1 through day-11) into the
perilymphatic space. Hearing was not significantly changed by the
surgical process. On day-4, the animals received a combination of
kanamycin (250 mg/kg sc) and ethacrynic acid (40 mg/kg iv). On day-
11, ABRs were measured, animals sacrificed and cochleae processed
for HC counts. Comparing ABR thresholds between right
(contralateral) and left (IGF-I infused) ears revealed better hearing in
the left ears, with significant differences at 4 kHz (p<0.05) and 20 kHz
(p<0.005). The average loss of OHC in left ears was less than 2%;
whereas in the control ears it was between 27% and 40%. The
difference was statistically significant (p<0.05). We conclude that
exogenous IGF-I can protect mammalian HCs from aminoglycoside
ototoxicity.

Supported by NIH/NIDCD Grant DC01634
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The MAPK Pathway Initiates Oxidative Stress-Induced
Apoptosis of Auditory Sensory Cells

#Thomas Van De Water', Azel Zine’, Syed Ahsan', Jean Luc Puel®,
Adrian A Eshraghi', brigitte Malgrange®, Philippe Pierre
Lefebvre®, Thomas Balkany ¢ 'Otolaryngology, University of
Miami, Miami, Florida, “Institute of Physiology, University of
Lausanne, Lausanne, Switzerland, U254, Université de
Montpellier I, Montpellier, France, *CNCM, University of Liége,
Ligge, Belgium, *Otolaryngology, university of Liége, Lidge,
Belgium, *Department of Otolaryngology, University of Miami,
Miami, FL

Oxidative stress is generated by a wide variety of insults which include:
loss of trophic support; aminoglycosides; cisplatin; sound trauma;
presbycusis; and exposure to toxic substances in the enviroment. Toxic
compound damage to auditory sensory cells can trigger the initiation of
an apoptotic cascade and loss of sensory cells. An important step
towards formulating effective therapies to counteract damage-initiated
loss of sensory cells is to more fully understand the sequence of events
that results in their death. To accomplish this we have utilized in vitro
and in vivo models of oxidative stress using 3 insult paradigms:
neurotrophin withdrawl; 4-hydroxy-2-nonenal; and cisplatin. To define
one of the signal pathways that participates in the apoptosis of auditory
sensory cells we used inhibitors of the MAPK signal pathway and
antisense oligonucleotides directed against molecules of this pathway.
The results of these studies have identified the MAPK pathway as a
major initiator of auditory sensory cell apoptosis for the insult
paradigms tested. These results support other studies that have utilized
inhibitors of the MAPK pathway (e.g. CEP1347 and D-JNKI-1) to stop
damage-induced cell death of auditory sensory cell both in vitro and in
vivo. The results of this study support a perilymph-based therapuetic
approach that targets the MAPK pathway to prevent the loss of
oxidative stress-damaged auditory sensory cells.

Supported by MedEL

Activation of BK Channels Mediates Cisplatin-induced
Apoptosis in Spiral Ligament Fibrocytes

#Fenghe Liang', Chunyan Qu', Wei Hu', Bradley A Schulte', Zhijun
Shen® 'Pathology and Laboratory Medicine, Medical University
of South Carolina, Charleston, SC, *Pathology and Laboratory
Medicine, Medical University of South Carolina, Charleston,
South Carolina

The ototoxic effects of cisplatin have been attributed mainly to cell
death mediated by apoptosis. Moreover, it is well established that
activation of K conductance by apoptotic agents is an early hallmark of
apoptosis in CNS neurons. The current study was designed to test: 1) if
cisplatin can induce apoptosis in spiral ligament fibrocytes (SLFs) in
vitro and 2) if cisplatin-induced apoptosis is mediated by activation of
K conductance. Secondary cultures of SLFs derived from gerbil were
incubated with 0 (control), 5, 10, 20 and 40 mM cisplatin for 72 hrs. A
dose-dependent pattern of apoptosis was observed both by annexin V-
FITC/ Pl (propidium iodide) fluorescence microscopy and flow
cytometry. The corresponding apoptotic ratios were 8jAl (control),
19;A2, 21;A2, 26jA3 and 76jA9 % (N=10), respectively. Co-
incubation of 10 mM tetracthylammonium with 5, 10, 20 or 40 mM
cisplatin for 72 hrs significantly reduced apoptotic ratios to 11jA2,
13;A1, 12{A3 and 28;A5 % (N=10), respectively. Incubation with 80
mM cisplatin for 72 hrs significantly increased DNA fragmentation
from 30;A8 (control) to 82jA10 % (N=6). Gel analysis of DNA
fragmentation showed a smear pattern. Whole-cell patch clamp showed
that incubation with 10 mM cisplatin for 20 hrs significantly shifted the
voltage activation curve towards a more active value in about 30% of
SLFs. The average change of the half maximal voltage activation was
50 ;A8 mV (N=3). The activated whole cell current was inhibited
(97%) by 0.8 mM iberiotoxin, indicating the involvement of
endogenous BK channels. These results demonstrate that cisplatin can
induce dose-dependent apoptosis in cultured SLFs, which appears to be
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dependent on the activation of endogenous BK channels. This
information may provide potential new therapeutic strategies for
preventing apoptotic cell death.

This work was supported by grants DC5148-01 and DC00713-11 from
NIDCD

Protective Effect of EUK-134, a Synthetic Superoxide
Dismutase and Catalase Mimetic, Against Cisplatin-induced
Damage in the Organotypic Culture of Organ of Corti

*ei Zhang', Da-Lian Dingz, Richard Salvi® 'Communicative
Disorders, College of Health Professions, University of Florida,
Gainesville, FL, Center for Hearing and Deafness, SUNY at
Buffalo, Buffalo, N'Y, “Center for Hearing and Deafness, SUNY
at Buffalo, Buffalo, NY, *Center for Hearing & Deafness, SUNY
at Buffalo, Buffalo, NY

There is considerable interest in identifying compounds that can block
the ototoxic effects of cisplatin without interfering with its
antineoplastic efficacy. Since cisplatin ototoxicity may arise from the
generation of reactive oxygen species (ROS), compounds that scavenge
these toxic molecules have the potential to protect against cisplatin
ototoxicity. EUK-134, a salen-manganese complex, exhibits both
superoxide dismutase (SOD) and catalase activities thereby suppressing
the toxic effects of superoxide and hydrogen peroxide. Since salen-
manganese complexes protect against several animal models of ROS-
associated disorders such as stroke, Alzheimer’s and Parkinson’s
disease, we assessed the ability of EUK-134 to protect against cisplatin-
induced hair cell damage in P3 rat cochlear organ cultures. Cochleae
were cultured for 24 hrs and then treated with EUK-134 (10, 20, 40, 100
uM), cisplatin (10ug/ml) or cisplatin plus EUK-134 for an additional 48
hrs. Afterwards, the cultures were fixed and the stereocilia bundles
stained with FITC-conjugated phalloidin. Hair cells were then counted
with an epifluorescence microscope. The 10ug/ml dose of cisplatin
caused significant damage to the stereocilia bundles and destroyed IHCs
and OHCs. EUK-134 provided partial protection against cisplatin-
induced hair cell loss in the cochlear cultures. Additional studies are
currently underway to determine if protects against gentamicin-induced
hair cell damage.

Acknowledgements: Supported by NIH grant P01 DC03600-01A1.

L-Methionine Protects the Ototoxicity of Cisplatin by
Changing HMG1 Expression

#Geming Li', Wei Liu', Lijun Li!, Dorothy A Frenz* 'Otolaryngology,
Albert Einstein College of Medicine, Bronx, NY,
2Otolaryngology and Anatomy & Structural Biology, Albert
Einstein College of Medicine, Bronx, NY

Cisplatin (CDDP) is an effective chemotherapeutic agent for cancers.
Studies demonstrate that either systemic or local delivery of L-
Methionine (L-Met) to the round window membrane niche of the rat
inner ear can protect against CDDP ototoxicity. Although much
attention has been directed at developing methods of protection against
CDDP ototoxicity, the mechanisms by which CDDP produces its
ototoxcity and by which L-Met provides otoprotection are not well
understood. HMG1, a sub-family of the HMG protein family, plays an
important role in regulation of DNA transcription, repair of damaged
DNA, and the mediation of CDDP antitumor activity. In this study, we
investigated the relationship between HMG1 and CDDP ototoxicity,
and the effects of L-Met on the expression of HMG1 in CDDP treated
rats. Thirty rats were divided into three groups: Group I, untreated
control (n=10), Group II, CDDP treated (12mg/kg) (n=10) and Group
III, CDDP (12mg/kg) +L-Met (300mg/kg). The right cochleae were
collected for Western blot analysis. Left cochleae were divided into two
sub-groups; one sub-group for immunohistochemical analysis and one
sub-group for scanning electron microscopy. L-Met protected hair cells
against CDDP otoxicity, as evidenced by scanning electron microscopy.
Immunohistochemical and Western blot analysis demonstrated that
HMGT1 expression in the cochlea was up-regulated in Group II (CDDP
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treated) rats in comparison to the cochlea in Group I (untreated rats)rats.
Although levels of expression of HMG1 were elevated in the cochleae
of Group III (CDDP+L-Met) rats when compared to HMGI levels in
Group I (untreated control) rats, the up-regulation in group III was
statistically less than in Group II (CDDP treated). Our findings suggest
that HMGI plays a role in mediating the otoxicity of CDDP, and
provide promise for the ability to ameliorate CDDP ototoxicity by
manipulating the expression of HMG1.

Supported by research grants from the American Cancer Society and
NOHR.

Local Therapeutic Strategy Against Cisplatin-Induced
Ototoxicity in Guinea Pig.

*Jing Wang, Ruth V Lloyd Faulconbridge, Anna Fetoni, Matthieu
Guitton, Remy Pujol, Jean Luc Puel Laboratoire de
Neurobiologie de 1'Audition, INSERM UMR 254 Université de
Montpellier I, Montpellier, France

Cisplatin is an effective cytotoxic drug, used in the treatment of a range
of neoplasms. Unfortunately, sensorineural hearing loss is a serious side
effect of cisplatin chemotherapy which greatly impairs patients' quality
of life. One way to protect the cochlea without affecting the
antitumoural activity of cisplatin is to apply protective agents directly
into the cochlea. The aim of this study was to design therapeutic
strategy using local application of putative protective agents.

In the guinea pig, cisplatin treatment (2 mg/kg, I.P., for 5 days) results
in high-frequency hearing loss (up to 60 dB), and the loss of outer hair
cells from the basal turn. Morphological analyses and specific DNA
labelling reveal fragmented hair cell nuclei and cytochrome c
redistribution into the cytoplasm of the hair cells of the basal turn,
suggesting an apoptosis mechanism of hair cell death. Two strategies
were used to rescue the cochlea. The first was aimed at preventing the
toxicity of cisplatin by using sodium thiosulfate, a drug known to bind
to the platinum molecule of cisplatin to form an inactive platinum-
thiosulfate complex which is not taken up into cells. The second
strategy aimed at comparing the efficiency of anti-apoptotic agents.
Here, we show that an intracochlear perfusion of sodium thiosulfate as
well an intracochlear perfusion of z-DEVD-fimk, a specific caspase-3
inhibitor, rescued hair cells from apoptotic death. In contrast, D-JNK, a
cell-permeable peptide inhibitor of the c-Jun-N-terminal kinase, acting
upstream in the apoptotic cascade does not. This is probably because the
activation of the NH2-terminal Jun kinase is required for DNA repair.

In human, local application of drugs is achieved through the tympanic
membrane using a catheter placed into the round window niche. The
present results, especially those obtained with sodium thiosulfate,
constitute a great hope for prevention of deafness in those patients
having to undergo cisplatin chemotherapy.

Round Window Application of the P53 Inhibitor,
Pifithrin-Alpha, Protects against Cisplatin Ototoxicity

*Nooshin Parhizkar, Craig A. Whitworth, Leonard P. Rybak
Surgery, SIU Medical School, Springfield, IL

Cisplatin is a commonly used chemotherapeutic agent with several
dose-limiting side effects such as ototoxicity, nephrotoxicity, and
myelosuppression. Salvi, et al. demonstrated that Pifithrin-alpha (PTF),
a P53 inhibitor, protects against cisplatin-induced hair cell loss in
organotypic cochlear and vestibular cultures. No in-vivo studies have
been done to investigate the role of p53 in cisplatin ototoxicity. The
goal of our study was to determine the role of P53 in cisplatin
ototoxicity, in-vivo, using PTF.

Auditory brainstem responses (ABRs) were measured in adult
chinchillas, in response to 2,4,8 and 16 kHz tones, before and 3 days
after round window (RW) application. The RW was exposed and 10 pl
of PTF (0.5, 1 or 2mM) or 10 pl of the vehicle solution was applied.
After 30 minutes, the remaining solution was removed from the round
window and 2 pl of cisplatin (0.66 mg/ml) was applied to each RW.
Hearing loss was determined by measuring ABR thresholds changes.
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The ears pretreated with 2mM PTF were substantially protected from
hearing loss when compared to the vehicle plus cisplatin group.
Threshold changes in the 2mM PTF-treated ears were 13.3 £3.3, 11.7 £
1.6, 6.7 + 1.6, 11.7 + 2.0 and 18.3 + 6.3, for 1, 2, 4, 8 and 16kHz,
respectively. These results were significantly different from the vehicle
plus cisplatin group (p<0.001) which had threshold changes of 56.7 +
3.2, 61.7 £ 6.0, 66.7 + 2.0, 65 + 3.1 and 60 + 2.6, for 1, 2, 4, 8 and
16kHz, respectively. The otoprotection afforded by PTF was dose-
dependent with moderate to complete protection as the dose of PTF was
increased from 0.5 mM to 2 mM. Vehicle or PTF alone had no effect
on ABR thresholds.

These results support the role of P53 and the apoptotic pathway in the
mechanism of cisplatin ototoxicity. Further studies will be needed to
determine the clinical applications of these results.

Supported by the National Institutes of Health NIH (NIDCD) grant #
ROI1 DC02396

Influence of Cochlear pH Modulation on the
Ototoxicity of Systemically Applied Cisplatin.

#Fujinobu Tanaka, Craig A. Whitworth, Leonard P. Rybak Surgery,
SIU Medical School, Springfield, IL

Cisplatin is a commonly used antineoplastic agent that produces a
number of dose-limiting side effects, including ototoxicity. Prior studies
in vitro have shown that cisplatin toxicity may be modulated by pH. At
the 2002 ARO mid-winter meeting, we reported that the ototoxicity of
locally applied cisplatin is inhibited by the local application of basic
phosphate buffered saline (PBS) and potentiated by acidic PBS. In the
present study, we investigated the effect of locally applied PBS of
various pH on the ototoxicity of systemically applied cisplatin.

Rats were anesthetized and auditory brainstem responses (ABR) were
recorded. The auditory bullac were surgically opened, and neutral
(pH=7.4) or basic (pH=9.0) PBS was applied to the round window
niche (RWN) and 60 minutes later any remaining solution was
removed. At 30 minutes after PBS application, cisplatin (13 mg/kg) was
injected intraperitoneally with a 30 minute perfusion. After 3 days,
follow up ABRs were performed. Basic PBS significantly reduced
cisplatin-induced threshold changes (p<0.00001 by ANOVA). The
ABR threshold changes for the neutral PBS + cisplatin group were 18.3
+3.1,20.0+58,16.7+4.9, 183 £6.5,31.7 + 6.0 and 36.7 + 8.4 dB
(mean = SEM) for click, 2, 4, 8, 16 and 32 kHz, respectively. Those for
the basic PBS + cisplatin group were 5.0 £ 5.0, 6.7 +4.9,3.3 £2.1, 5.0
+ 3.4, 13.3 £ 5.6 and 15.0 = 6.7 dB for click, 2, 4, 8, 16 and 32 kHz
respectively.

These results support our previous findings that cochlear pH can affect
the ototoxicity of cisplatin, and that this effect is not due to changes in
window permeability. Our data suggest that care should be taken
regarding the pH of any solution that is applied to the round window
membrane.

Supported by the National Institutes of Health NIH (NIDCD) grant #
ROI1 DC02396

Systemic Treatment with Alpha-Melanocyte-
Stimulating-Hormone Delays Ototoxicity Caused by Local
Administration of Cisplatin

Francisca L.C. Woltersl, *Sjaak F1 Klis' Frank P.T. Hamersl, John
C.M.J. De Groot!, Diane M. Prieskorn?, Josef M. Miller?, Guido
F. Smoorenburg' 'Hearing Research Laboratories, University
Medical Center, Utrecht, Netherlands, 2Kresge Hearing Research
Institute, University of Michigan, Ann Arbor, MI

Previous work has demonstrated that ototoxicity induced by systemic
cisplatin in guinea pigs is reduced by concomitant administration of
melanocortins, e.g., alpha-MSH. However, these experiments were
hampered by large interanimal variability. Therefore, we have
developed a model that involves intracochlear administration of
cisplatin into the scala tympani via an osmotic pump system in
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combination with chronic, daily recordings of the compound action
potential (CAP) from a permanent round-window electrode. In this
model we have re-investigated the protective effects of systemic alpha-
MSH treatment. Guinea pigs were implanted with a round window
electrode and a microcannulation-osmotic pump system operating at 0.5
ul/h. The pumps were filled with saline or cisplatin in saline (15 pg/ml).
Co-treatment consisted of either SC injections of alpha-MSH (75
ng/kg/day) or saline (similar volume) for one week or until the
electrocochleogram showed a criterion decrease in CAP output (40 dB
threshold shift at 8 kHz). The animals then were sacrificed and the
cochleas processed for histological examination and OHC counts. After
2-3 days of cochlear application, cisplatin alone caused a threshold shift
at all frequencies (2-16 kHz). alpha-MSH co-administration consistently
delayed the threshold shift by 1-2 days. Since pathological assessment
followed a 40 dB criterion threshold shift for both alpha-MSH and
saline co-treatment groups, similar hair cell loss was observed. These
data show that alpha-MSH delays cisplatin ototoxicity, but does not
prevent OHC loss. Nevertheless, a delay of 1 to 2 days is of potential
clinical significance. Moreover, because of the local administration of a
fixed amount of cisplatin in this model, it is likely that the alpha-MSH
effect involves a cochlear target and is not caused by changes in
cisplatin pharmacodynamics.

Supported by the Dutch Cancer Institute and Foundation "De Drie
Lichten", the Netherlands, and the GM Corporation, USA.

Some Geometrical Aspects of Cochlear Interferometry

*Scott Matthews, Edward Porsov, Alfred L. Nuttall
OHRC/Otolaryngology-Head and Neck Surgery, Oregon health
& Science University, Portland, OR

We compare the results of bench-top measurements made with three
vibrometers: a commercial laser-Doppler vibrometer made by Polytec, a
laser-feedback vibrometer, and an optical-coherence-microscope
(OCM) vibrometer.

The Polytec and the laser-feedback interferometer (LFI) use 638.6 nm
laser light. The OCM uses a red diode with a nominal coherence length
of 10 nm. For each system, we have measured the spatial resolution for
scans along the optic axis using a target made of two cover slips
mounted on adjacent piezoelectric stacks, such that each target can be
vibrated independently. The target separation is 75 microns. This allows
us to determine the extent of the interference between the two surfaces.
This same experiment determines the resolution and interference of
phase measurements for adjacent surfaces.

By placing a 400-micron diameter pinhole in front of the target, we are
able to determine the effects of a restricted numerical aperture, such as
exists when imaging the basilar membrane through a small hole in the
cochlear wall. This demonstrates the benefits of an OCM vibrometer,
whose resolution is primarily based on the coherence length of the
source, and not on the optical resolution of the system.

Supported by NIH NIDCD DC 00141.

Prediction of Two Types of Pressure Waves in the
Cochlea

#Masayoshi Andoh, Hiroshi Wada Department of Mechanical
Engineering, Tohoku University, Sendai, Japan

When fluid pressure fluctuation is induced by vibration of the stapes,
two types of pressure waves occur in the cochlea. One is a fast wave
which propagates at the velocity of sound, and the other is a slow wave
which follows a traveling wave on the basilar membrane (BM). As the
organ of Corti (OC) is driven by these pressure waves, it is important to
understand their characteristics. However, there have been no reports of
observation of these pressure waves, because it is difficult to measure
them separately. In this study, a finite-element model of the OC at the
basal turn of the gerbil cochlea was constructed. Geometry of the
model was determined based on measurement of the hemicochlea (Edge
et al.,, 1998, Hear. Res. 124: 1-16). By comparing numerical results
with experimental data of intracochlear pressure (Olson, 2001, J.

ARO Abstracts

Acoust. Soc. Am. 110: 349-367), the magnitude and phase of the fast
wave and those of the slow wave were estimated when sound pressure
in front of the tympanic membrane was 80 dB SPL. The magnitude of
the fast wave showed a moderate increase as a function of frequency,
and that in the scala tympani was smaller than that in the scala vestibuli
due to the stiffness and damping of the BM. The slow wave grew
gradually to the point of resonance (CF: f = 16 kHz) with increasing
frequency, and then fell sharply. When these pressure waves were
applied to the model, the numerical results showed good agreement
with the experimental data of the velocity of the BM vibration (Wilson
and Johnstone, 1975, J. Acoust. Soc. Am. 57: 705-723). Therefore,
predicted characteristics of the two pressure waves appear to be
reasonable.

Reconstruction of Noisy Speech Signals Based on a
Cochlear Model.

*Vered Weisz, Azaria Cohen, Miriam Furst Electrical Engineering-
Systems, Tel Aviv University, Tel Aviv, Israel

One dimensional cochlear model with embedded outer hair cell (OHC)
has been recently presented (Cohen and Furst, ARO 2002). The
cochlear fluid dynamic equations were solved in the time domain, and
the OHC contribution to the basilar membrane motion was integrated
into the time domain equations. The model output was presented by the
basilar membrane's velocity as a function of time. One of the most
interesting properties of the model is its response to noisy sounds. The
background noise dramatically decreases when the signal exists. Those
properties are highly dependent on the OHC gain. The purpose of the
present research is to use the dynamic properties of the model in order
to reconstruct noisy speech signals with improved SNR. A special
algorithm for signal reconstruction was developed. The algorithm
includes an estimation of both the traveling wave delay and weight of
each part along the cochlear partition. The reconstructed signal is
obtained in the time domain as a weighted sum of all the cochlear
partition outputs. The algorithm performances were evaluated for
different types of inputs such as sine waves, chirps, and speech sounds
with different SNRs. The reconstruction quality was highly dependent
on the OHC gain.

Filtering in the Cochlear Amplifier?

#Fgbert De Boer', Alfred L. Nuttall®> 'D2-226, Academic Medical
Center, Meibergdreef 9, Amsterdam, 1105 AZ Netherlands, >

We have measured the frequency response of the basilar membrane
(BM) velocity in the cochlea of anesthetized guinea pigs. The stimulus
signal was wide-band noise, and the response is derived from cross-
correlation functions between the stimulus signal and the response. The
frequency response viBM(f) (where f is frequency) was converted into
the response vxBM(x) of a three-dimensional model of the cochlea,
where x is the longitudinal coordinate. By way of the “inverse solution”
the BM impedance ZBM(x) was derived; when the model is provided
with this impedance, its response is compatible with the response
vxBM(x). The BM impedance consists of two components, one is the
impedance corresponding to the “dead” cochlea, the other one is the
contribution assumed to be due to the outer hair cells (OHCs). We call
the latter one the “active” part Zact(x) of the impedance.

Associated with Zact(x) is the pressure pact(x), close to the BM. We
considered the hypothesis that pact(x) is a weighted sum of
contributions of BM velocity around the location x. Contributions from
more basal locations — governed by weighting factors h(j) with negative
j — constitute “feed-forward”, those from more apical locations —
weighting factors h(j) with positive j — “feed-backward”. The
coefficients h(j) were assumed to be REAL, which means that no form
of frequency- or space-dependent filtering was involved. The weighting
factors h(j) were determined with a specialized minimum-square-
absolute-error method. We found that in 28 out of 36 experiments
model responses computed on the basis of the reconstructed pact(x) are
compatible with experimental data. In all cases both feed-forward and
feed-backward components are included. It should be noted that an
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extended model, in which the OHCs are assumed to be nonlinear
transducers, displays all the frequency- and amplitude-dependent
properties of the real cochlea. In particular, we show that it displays the
near-invariance of zero-crossings of the impulse response when
stimulus intensity is varied.

Theoretical and Experimental Considerations for the
Study of Anisotropic Elastic Moduli of the Mammalian
Tectorial Membrane

#Brett Shoelson', E K Dimitriadis?, Hongxue Cai', Richard S.
Chadwick! 'NIDCD/Auditory Mechanics, NIH, Bethesda, MD,
’DBEPS/ORS, NIH, Bethesda, MD

The issue of anisotropy of the tectorial membrane (TM) has been raised
by Zwislocki and Cefaratti (Hear Res 42;1989) and, more recently, by
Abnet and Freeman (Hear Res 144;2000). Classical models of contact
mechanics, which have been applied in the analysis of indentation data
obtained using the atomic force microscope (AFM), are invalidated by
considerations of anisotropy. Moreover, the anisotropy that is
disregarded by classical methods may be fundamental to the functioning
of the TM. Nonetheless, AFM is rapidly emerging as an important tool
in auditory mechanics. In our current work, we have developed a
mathematical model that predicts surface displacement patterns in
response to normal and shear point forces in a transversely isotropic
elastic half-space (the simplest model of anisotropy). By incorporating 3
elastic parameters, this model provides a framework for studying
anisotropic materials and suggests new AFM experiments on the TM.
Our 3D finite element model validates and generalizes the utility of this
mathematical paradigm and allows the analysis of an anisotropic
contact problem by providing descriptive and predictive parameters that
can be readily tested in vitro. To facilitate and objectify the analysis of
AFM data, we have automated the analysis of force-distance curves.
Our program reconstructs cantilever height/deflection data and
automatically detects the initial contact point. Comparing the resultant
curve to theoretical data, the program converts cantilever deflections to
sample deformations, which are fitted to an appropriate theoretical
model. This enables the computation of directional elastic moduli of a
material under a variety of different assumptions, and facilitates a
comprehensive parametric consideration of how calculated tissue
properties are affected by the use of different analysis techniques.

Hysteresis in Cochlear Transduction Observed from
Low-frequency Modulation of DPOAEs.

#[in Bian, Mark E. Chertoff Hearing & Speech, Univ. of Kansas
Medical Center, Kansas City, KS

Recently, we (Bian et al, 2002, JASA, 112:198) developed a
noninvasive method of estimating a cochlear transducer function (f;)
using low-frequency modulated distortion product otoacoustic
emissions. This method is based on the approximation that the
magnitude of the cubic difference tone (CDT, 2f1-f2) is proportional to
the absolute value of the third derivative of the f; at low primary levels.
An experiment in gerbils verified such a relation between the CDT and
a cochlear f;,. However, this procedure is time-consuming, since it
requires measuring the CDT at twenty-one bias levels. To significantly
reduce the data collection time, the CDT can be measured using one
high-level bias tone which provides all the bias levels necessary for
deriving the f,. Specifically, the CDT magnitude and corresponding
bias level can be extracted within a short-time window that moves along
the time series. In an experiment in gerbils (n = 9), a two-tone signal
(f1=3968, f2=5120 Hz) with levels from 50 —70 dB SPL was biased by
a 25 Hz tone at 20 Pa. The CDT magnitudes were obtained with a 512-
point FFT window moving along three cycles of the bias tone. The
CDT magnitude as a function of bias level showed two distinct
functions both demonstrating the shape of the absolute third derivative
of the f,. Depending upon the directions of the change in bias tone
amplitude (increasing or decreasing), the CDT-bias function shifted to
positive or negative sound pressure directions. The distance between
the two modulation patterns was about 10 Pa for all primary levels. The
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separation of the CDT-bias functions according to the phase of the bias
tone indicates hysteresis in cochlear transduction processes. A model
incorporating reactive force generation within the cochlear transducer
fit the CDT data well (r2 = 0.6 — 0.9) for different primary levels.

Supported by NIDCD R01 DC02117

The Basilar Membrane Velocity for Electrical
Stimulation of the Organ of Corti at the Measured Place

#lfred L. Nuttall’,Karl Grosh?, Jiefu Zheng', Tianying Ren'
IOHRC/Otolaryngology, Oregon Health & Science University,
Portland, OR, *Mech. Engineering/Applied Mechanics,
University of Michigan, Ann Arbor, MI

Electrical stimulation at the round window membrane of the guinea pig
cochlea causes electrically evoked otoacoustic emissions (EEOAE)
having a wide frequency bandwidth. The upper frequency limit of the
EEOAE (defined by the noise floor level of output for a 35
microampere RMS stimulus) is about 40 kHz. When the organ of Corti
is stimulated locally by electrodes near the basilar membrane (BM) or
by electrode pairs across the cochlear duct, the EEOAE is much more
tuned. Moreover, acoustic energy does not appear to reverse propagate
for the frequencies above the best frequency of the electrode place.
With an electrode pair across the cochlear duct at the first cochlear turn,
the upper frequency limit of the EEOAE was 15-20 kHz. We measure
the local BM velocity for stimulation at the round window or across the
cochlear duct of the first turn. Reflective beads of 20 or 3 micrometer
diameter were placed on the BM at about the 18 kHz location for BM
velocity measurements. The magnitude spectrum of the local velocity
response can be divided into three frequency regions. The low
frequency region below BF has a sharply tuned appearance similar to a
conventional mechanical tuning curve. The second region, from BF to
about 25 kHz, is low-pass with a fairly steep roll-off and nearly zero
phase slope. This region may represent a rapidly extinguished
evanescent wave. Above 25 kHz, the local displacement response
extends in frequency to 100 kHz (for 100 microampere, RMS). When
the bead is at the radial location of the outer hair cells (OHC), this
‘ultrasonic’ part of the spectrum has a magnitude minimum at 40-60
kHz with a sharp phase change. When the bead is at the radial location
of the tunnel of Corti, there is a peak in the spectrum at 40-60 kHz.
Local ultrasonic response suggests that in vivo OHCs create sufficient
force to move the BM at frequencies to 100 kHz and that local
mechanical properties result in resonance around 50 kHz.

Supported by NIH NIDCD and VA RR&D.

Measurement of Volume Velocity Of Basilar
Membrane Vibration in the Sensitive Cochlea

*[ianying Ken, Yuan Zou, Jiefu Zheng, Alfred L. Nuttall, Edward
Porsov, Scott Matthews OHRC/Otolaryngology-Head and Neck
Surgery, Oregon health & Science University, Portland, OR

Our current knowledge of cochlear mechanics in sensitive cochlea is
based mainly on the measurement of basilar membrane (BM) vibration
at a single point on the cochlear partition. A cochlear amplifier has been
proposed to interpret the nonlinearity and sharp frequency tuning of BM
responses. However, the single-point measurement of velocity or
displacement of BM vibration provides limited information on power
flow in the cochlea. Towards a direct quantitative measure of the power
flow in the sensitive cochlea, a technique for the volume-velocity
measurement of BM vibration was developed in this study. We
implemented a scanning laser interferometer microscope by combining
a sensitive heterodyne interferometer, a computer-controlled 3D
positioning system, and a microscope. Magnitude and phase of BM
vibration in response to a single tone were measured as functions of
longitudinal and radial locations on the BM. The volume velocity was
calculated by integration of transverse velocity over an area half a
wavelength long and by the width of the BM centered at the
characteristic frequency location. The volume velocity of stapes
vibration was measured by multiplying the point velocity of the stapes
footplate by its area. The volume velocity gain of BM vibration was
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obtained as the ratio of the BM volume velocity to that of the stapes.
The data demonstrate that this scanning laser interferometer is sensitive
enough to measure cochlear partition vibration at low sound pressure
level, in the sensitive cochlea without placing a reflecting object on the
BM. Our data also show the traveling wave as a function of time or
location in three dimensions in the living cochlea.

Supported by NIH-NIDCD and VA RR&D Center Grant, Portland,
VAMC.

Comparison of the Traveling Wave Velocity Between
CAP Experiment and Numerical Method.

#Satoshi Saito, Teppei Ujihara, Haruhiko Nakajima Applied
Physics, Tokyo University of Agriculture and Technology,
Koganei, Japan

In our previous report the two dimensional cochlea model was solved
numerically using MAC method and have shown that the phase velocity
Vp of the traveling wave along the cochlea is solely a unique function
of the distance from the base and independent of the frequency, i.c.,
V,=V,0exp(-x/0.71) where X is the location.

Although a body of studies on the propagation velocity exist, however,
it is still open problem because the multipoint measurement is difficult
owing to the geometry of the cochlea. It seems that CAP (compound
action potential) measurement is a candidate which will provide a
position sensitive information without scanning the observation points.
The basic ideas are as follows.

- The CAP is considered as an integrated signal originating from a
group of simultaneously firing afferent nerves, main contributing
portion of which is those within the cochlea region.

- When a tone pip with a carrier frequency o is applied, IHCs located in
the CF region of o bear a strong displacement from BM after an
intrinsic latency, which, in turn, give rise to firing of nerves from IHC.

Consequently, it is expected that the CAP signal position in the time
domain will contain the latency.

In experiment, we used a guinea pig, whose bulla was opened with a
drill. Under the microscope, a silver ball electrode was placed on the
round window, and the electrical signal was recorded in vivo.

It was confirmed in our experiment that the latencies indeed depend on
input frequencies, and latency of the signals decreased with frequency.

This finding qualitatively agrees with above speculation and early work
by Prof. J. J. Eggermont.

Investigating Energy Propagation In The Cochlea:
Time Domain Measurements Of Otoacoustic Emissions

#Sumit Dhar', Robert H Withnell?, Lauren Ann Shaffer!, Carrick L
Talmadge®, Egbert De Boer*, Amold Tubis® 'Speech and Hearing
Sciences, Indiana University, Bloomington, IN, *Speech and
Hearing Sciences, Indiana University, Bloomington, Indiana,
3Natl Cntr Phys Acoust, University of Mississippi, Oxford, MS,
“D2-226, Academic Medical Center, Amsterdam, Netherlands,
SInstitute for Nonlinear Science, University of California, San
Diego, San Diego, CA

We have previously reported that the delay of the 2f1-f2 DPOAE from
its CF place is consistent with a round trip delay from this place, and
presented preliminary data that does not show a systematic increase in
delay for the 2f1-f2 DPOAE arising from the generator region as f2/f1
(in a fixed-f2 paradigm) decreases below 1.15 (Withnell, et al., 2002).
In the present study, we use a pulsed-tone paradigm (Talmadge et al.,
1999) to examine signal-front delays, and extend previous work, to
investigate the propagation time of backward-traveling waves in the
long-wave region and the effects of basilar membrane filtering on
propagation times as f2/fl approaches 1, as suggested by theoretical
considerations (e.g., Tubis et al., 2000).
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The Mechanical Basis of the Resonance in the
Mustached Bat’s Cochlear: Mode-Hopping and Timing of
Cochlear-Feedback.

#Jan J. Russell’, Markus Rudolf DrexI, Elisabeth Foeller’,
Marianne Vater*, Frank Coro’, Emanuel Mora®, Manfred Koess!
'School of Biological Sciences, University of Sussex, Brighton,
United Kingdom, Zoological Institute, University of Frankfurt,
Frankfurt, Germany, *Neurobiology Section, University of
California, San Diego, CA, 4Zoological Institute, University of
Potsdam, Potsdam, Germany, *Department of Human and Animal
Physiology, Uinversity of Havana, Havana, Cuba, “Dep. Human
and Animal Physiology, University of Havana, Havana, Cuba

A sharply tuned mechanical resonance (~61 kHz) in the mustached bat
cochlea resolves fine Doppler-shifts in returning echoes. Cochlear
microphonic (CM) responses, which are sharply tuned to the primary
cochlear resonance, were analysed to reveal how the basilar membrane
(BM) and tectorial membrane (TM) interact and when in each cycle
their vibrations are amplified. Within 5 kHz of the primary resonance
frequency CM responses at the tone onset are broadly tuned with linear
magnitude level functions. CM measured during the tone and in the
ringing at the tone offset is 50 dB more sensitive, sharply tuned, with
compressive level functions. The resonance appears to be due to
interaction between two resonators. A broadly tuned resonator responds
first to a tone, followed by a narrowly tuned resonator whose responses
take 1 — 3 ms to build-up and ring at the resonance frequency at the tone
offset. CM responses are amplified during maximum BM velocity for
frequencies within 2 kHz of the primary resonance. The broad resonator
has several frequency-modes. This is evident from hopping of the
response frequency between discrete steps that are 2-3 kHz apart. There
are phase-transitions and magnitude-minima at the transition
frequencies. Within a frequency band slightly above the primary
resonance both resonators, presumably the tectorial and basilar
membranes, move together in phase which results in minimal hair
bundle displacement and CM magnitude during stimulation and only
the on and the off responses remain.

Supported by the Volkswagenstiftung, the DFG, Wellcome Trust, and
the Royal Society

Medial Olivocochlear Efferent Fast Effects on Basilar
Membrane Motion in Guinea Pigs

*John J. Guinan',Nigel P. Cooper® 'Dept. of Otolaryngology, Mass.
Eye & Ear Infirmary, Harvard Medical School, Boston, MA,
Dept. of Physiology, University of Bristol, Bristol, United
Kingdom

To aid in understanding the mechanisms by which medial olivocochlear
efferents produce their effects, we measured basilar membrane (BM)
motion in response to tones in the basal turn of anesthetized guinea
pigs, with and without electrical stimulation of efferents by brainstem
shocks. We selectively measured efferent fast effects by averaging BM
responses over 8-16 bursts of 100 ms shock trains and compared
average BM motion in time windows before and at the end of the
shocks-on period.

The fast efferent effect produced (1) a reduction in BM motion for low-
level tones near the characteristic frequency (CF), (2) an enhancement
of BM motion for high-level tones above-CF, and (3) at most small
effects for tones an octave or more below CF. Similar effects were
previously reported for stimulation that evoked both fast and slow
efferent effects. In addition, we found consistent changes in BM phase:
(1) a phase lead at CF increasing to about 45 degrees above CF, and (2)
below CF, small phase lags at low levels, sometimes becoming phase
leads at high levels.

For the basal cochlea (CF>10 kHz), the findings of only small efferent-
induced changes in guinea-pig BM motion at low frequencies, but up to
10 dB changes at 2-3 kHz in cat auditory-nerve fiber responses
(Stankovic & Guinan, 1999 J. Acoust.Soc. Am. 106:857), suggests that
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efferents change the micromechanics of the cochlear partition. To
explain efferent enhancement of BM motion, we hypothesize that at
high levels and above CF, BM motion is due to an efferent-inhibited
component with compressive growth and a long group delay that
interferes with a less-compressive (perhaps linear) component with a
short group delay. When these two components are out of phase and
similar in magnitude, inhibition of one component increases the sum
and thereby increases BM motion.

Supported by NIDCD ROIDC00235, the Royal Society and the
Wellcome Trust.

The Time Course of the Medial Olivocochlear
Efferent Reflex in Humans

#Bradford Backus', John J. Guinan®, Watjana Lilaonitkul® 'Speech &
Hearing Biosciences and Technology, Harvard-MIT HST,
Cambridge, MA, “Dept. of Otolaryngology, Mass. Eye & Ear
Infirmary, Harvard Medical School, Boston, MA, 3Electrical
Engineering, Massachusetts Institute of Technology, Cambridge,
MA

The time course over which the medial olivocochlear efferent (MOC)
acoustic reflex affects the cochlea must be tied to the function of the
reflex in hearing. Nonetheless, relatively little work has been done to
ascertain the time course of MOC reflexes in humans. We quantified
MOC effects by measuring changes in stimulus frequency emissions,
ASFOAEs. SFOAEs are advantageous because they are produced at a
single cochlear place and the probe sound elicits little or no efferent
activity.

SFOAEs were evoked by continuous 40 dB SPL tones near 1 kHz.
Efferent activity was elicited by 2.5 s, 60 dB SPL noise bursts with 5 ms
rise/fall times presented every 5 seconds. Group delay tests eliminated
subjects in whom 60 dB SPL noise bursts elicited ASFOAEs dominated
by middle-ear-muscle activity. Since SFOAEs are suppressed by sound
in the measurement ear at frequencies near the probe frequency, we
concentrated on the time course of the contralateral reflex.

ASFOAESs produced by broad-band contralateral noise bursts were well
characterized (on a linear magnitude scale) by an onset delay followed
by a saturating single-exponential rise, and an offset delay followed by
a single-exponential fall. For 11 ears from 7 subjects, the rising time
constant was 380 ms (SD 140 ms), the falling time constant was 170 ms
(SD 50 ms) and both onset and offset delays were on the order of 20 ms.

The initial delay is near the shortest expected on the basis of the small
number of synapses thought to be in the reflex, the conduction time in
the reflex pathways, and the delay for ASFOAEs to arrive in the ear
canal. The slow build up of efferent effects (hundreds of ms) limits the
ability of the reflex to shape cochlear properties on the time scale of the
fastest features in speech.

Supported by PO1 DC00119 and T32 DC00038 from NIDCD.

Deriving a Cochlear Transducer Function using the
Summating Potential

*Chul-Hee Choi, Mark E. Chertoff, Lin Bian Hearing & Speech,
Univ. of Kansas Medical Center, Kansas City, KS

The summating potential (SP) is a dc component in the electrical
response of the cochlea to a sinusoid. The response originates from the
nonlinearity of mechano-electric transduction (MET). The relationship
between SP and the cochlear transducer function (f,) characterizing
MET was first described by Cheatham and Dallos (1997, Hear. Res.
108,191-212), who suggested that the SP is related to the shape of the
second derivative of the f;. The long-term goal of our research is to
quantify cochlear MET in normal and pathologic ears to provide a more
accurate description of sensorineural hearing loss than presently
available. In this study we introduce a method to construct a cochlear f;;
from the SP.

The dc component is generated from the even-order terms of a Taylor
series that approximates a nonlinear function. Mathematical
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exploration suggested that the magnitude of the dc component is
proportional to the second derivative of the nonlinear function when the
signal level was small. By using a bias tone to position a probe tone at
different places along the cochlear f;, the SP amplitude can be used to
derive the second derivative of the f;..

A probe tone (5888 Hz) ranging from 50 to 75 dB SPL and a 25 Hz bias
tone of various magnitudes was presented to gerbils. The SP was
recorded from the round window. Results showed that the SP
amplitude as a function of the bias levels, demonstrated a shape similar
to the second derivative of a sigmoid-shaped function representing
nonlinear cochlear transduction. The correlation coefficient between
the second derivative of a second-order Boltzmann function and the SP
amplitude was highest (.96) at the probe tone level of 75 dB SPL. This
suggests that the low frequency modulated SP amplitude can be used to
estimate a cochlear transducer function.

Supported by NIH Grant: 2 R01 DCO2117

Modeling Outer Hair Cells

#Niranjan Deo, Karl Grosh Mechanical Engineering, University of
Michigan, Ann Arbor, MI

Outer hair cells (OHC) play a critical role in sensitivity of the ear. It is
believed that somatic force generation of the OHC is the main source of
cochlear amplification, providing for the sharpness of frequency
filtering and large gain seen for low amplitude sound. /n vitro and in
vivo experiments have shown that OHC are capable of high frequency
(up to 100 kHz) voltage induced length and stiffness changes and
exhibit strong nonlinear piezoelectric behavior.

In recent years, various constitutive laws have been proposed for outer
hair cell transduction (e.g., Iwasa 1994 and Raphael 2000). In this
study, the various laws are reconciled and placed into a common
mechanics based framework (Spector 2000). General nonlinear
constitutive theories for OHC tissue are presented. These constitutive
theories include piezoelectric-like electromotility and voltage dependent
stiffness. Expressions for the thermodynamic potential functions are
derived for different constitutive models and analyzed. The two state
motor probability model with linear and nonlinear elasticity is
investigated in detail. Expressions for whole cell stiffness and nonlinear
capacitance of the basolateral membrane are obtained. Model
predictions of individual OHC stiffness and dynamic frequency
response are compared to in vitro experimental results.

Mechanical Properties of Sensory and Supporting
Cells in the Organ of Corti of the Guinea Pig Cochlea: An
Atomic Force Microscopy Study

#Michiko Sugawara', Yuya Ishida®, Hiroshi Wada® 'Department of
Mechanical and Environmental Informatics, Tokyo Institute of
Technology, Meguro-ku, Japan, *Department of Mechanical
Engineering, Tohoku University, Sendai, Japan

Mammalian ear has high sensitivity, broad dynamic range and fine
tuning. These functions are based on the vibration of the organ of Corti,
which contains outer hair cells (OHCs), inner hair cells (IHCs), Deiters’
cells, Hensen’s cells, pillar cells and so on. As the vibration of the
organ of Corti is considered to be related to mechanical properties of the
cells in the organ of Corti, it is important to understand these properties.
Recently, it was reported that Young’s modulus of pillar cells, which
mainly consist of microtubules, was 2X10° Pa using a three-point
bending test (Tolomeo and Holley, Biophys. J. 73: 2241-2247, 1997).
Sugawara et al. (Hear. Res., in press) reported that Young’s modulus of
OHC:s in the apical turn was 2.0 + 0.81 kPa, whereas that of the OHCs
in the basal and second turns was 3.7 + 0.96 kPa, using the contact
mode of an atomic force microscope (AFM). However, mechanical
properties of the other cells in the organ of Corti have not been clarified
yet. Therefore, in this study, an attempt was made to measure
mechanical properties of cells in the organ of Corti with an AFM.
Results revealed that Hensen’s cells and Deiters’ cells were more than
twice as soft as OHCs in the apical turn of the cochlea.
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@ Mena Does Not Compensate VASP in Pillar Cells of
VASP-Knock-Out-Mice

#Bernhard Schick’, Mark J Praetorius', Marcus Mueller?, Martin
Eigenthaler’, Ulrich Walter’, Marlies Knipper® 'Dept. of
Otolaryngology, University of Saarland, Homburg, 66424
Germany, “THRC, University of Tuebingen, Tuebingen,
Germany, *Inst. of Biochemisty and Pathobiochemistry,
University of Wuerzburg, Wuerzburg, Germany

Vasodilator stimulated phosphoprotein (VASP) and Mena are members
of the Ena/VASP-family associated with regulation of the actin
cytoskeleton and signalling pathways. Both proteins have been found to
be co-localized in most mouse tissues suggesting similar function and
ability to compensate for each other. VASP and Mena expression in the
adult mouse cochlea analysed by PCR-examination, Western blot,
mRNA-in-situ-hybridization and immunohistochemistry is reported.
While Mena is co-localized in pillar cells with VASP in wild type mice,
both proteins are not detectable in pillar cells of VASP -/- knock-out
mice. Loss of Mena in VASP -/- knock-out mice was most surprisingly
limited to the pillar cells. Mena was still found in VASP -/- knock-out
mice to be expressed in various other cochlear cells. Click-ABR,
frequency-dependent ABR and DPOAE in VASP -/- knock-out mice
proved normal hearing function. Hearing measurements in VASP -/-
knock-out mice in comparison to wild type mice included noise
exposure experiments. Specific noise exposure (11.1 kHz, 86 dB SPL,
24 hours) resulted in statistically significant temporary threshold shift at
7.9 kHz (p=0.006, d=2.3) in VASP knock-out mice. Loss of VASP and
Mena in the pillar cells of VASP -/- knock-out mice may explain this
specific functional difference as VASP -/- knock-out mice have shown
otherwise no major functional deficit. Pillar cells of VASP knock-out
mice are therefore highly interesting cells as they show loss of both
proteins without the ability of Mena to compensate for VASP. Reduced
noise protection in VASP -/- knock-out mice gives a hint for pillar cell
function in cochlear mechanics. Changes in stiffness of the pillar cells
due to loss of VASP and Mena affecting the actin cytoskeleton are
suggested as a possible mechanism for reduced hearing protection in
VASP -/- knock-out mice.

@l Stimulus-Induced Volume Change in the Subtectorial
Space of the Organ of Corti

*Manuela Nowotny, Marc Philippe Scherer, Hans-Peter Zenner,
Anthony W. Gummer Section of Physiological Acustic and
Communication, Department of Otolaryngology, Tuebingen,
Germany

The electrically-induced vibration pattern of the organ of Corti (CO)
was measured throughout its depth, using a laser-interferometer. The
laser-interferometer works like a confocal interferometer, with a depth
resolution of + 1.8 um from the focus plane (at -10 dB). Data were
obtained at several points within the OC in the radial direction of: i) the
basilar membrane (BM), ii) the reticular lamina (RL) and iii) the upper
and lower surfaces of the tectorial membrane (TM).

The results derive from an in-vitro preparation of the third turn of the
guinea-pig cochlea. The other turns of the cochlea were removed.
Reissner’s membrane was intact over this turn, allowing better
preservation of the TM. For electrical stimulation, two platinum
electrodes and one gold electrode were used; the latter was also used as
a mirror. The frequency range of the stimulus was 480 Hz to 74 kHz.

The RL exhibited a significant phase shift between the inner and outer
hair cells and also between the outer hair cells and Hensen's cells. A
phase shift was not found on the TM, its motion was in phase with that
of the RL at the site of the outer hair cells. The TM vibration amplitude
above the outer hair cells was, on average, four times larger than that
above the inner hair cells. The different phases on the RL and TM over
the inner and outer hair cells result in a volume change in the
subtectorial space over the inner hair cells. This volume change must
induce a radial fluid flow which superimposes on the usually assumed
fluid shear.
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The amplitude of the BM vibration was much less (more than five
times) than that of the RL, implying that the BM is stiffer than the RL.
The largest BM amplitudes were encountered at the site of the tunnel of
Corti.

This work was supported by the Deutsche Forschungsgemeinschaft
SFB 430, Teilprojekt A4.

@ Tectorial Membrane Vibrations at the Tip of the Hair
Cell Stereocilia

#Jacob David Kopperman', Claus-Peter Richter?, Peter Dallos!
lAuditory Physiology Laboratory, Northwestern University,
Evanston, IL, *Otolaryngology-, Head and Neck Surgery,
Northwestern Medical School, Chicago, IL

Contributions of the tectorial membrane (TM) in conversion of sound-
induced vibrations of inner ear structures into receptor potentials of hair
cells are not fully understood. While some believe the TM acts as a
rigid beam, others suggest that the TM provide a second frequency
place map to the basilar membrane. The present study will present
experimental data on TM vibrations at the tip of the hair cell stereocilia.

Gerbil hemicochleae were placed on the stage of an upright microscope.
While mechanical vibrations were induced via a paddle immersed in the
fluids below the basilar membrane, images of the magnified view of the
TM, stereocilia bundles, and reticular lamina were captured during one
stimulus cycle. Using a video flow technique, displacements of selected
structures were measured. Vibration amplitudes and orientation were
determined from the major axes of the Lissajous figures, magnitudes
and phases of the movements from the transversal and radial
components of the vibration.

Across frequencies, movement amplitudes revealed a tuned response
with a single maximum, which occurred at the same stimulus
frequencies for any location selected. The orientation of the Lissajous
figure was different for measuring sites at the TM and the reticular
lamina. Movements of the TM were mostly transversal above the outer
hair cells and at the Hensen’s stripe, whereas reticular lamina vibrations
were predominantly radial at the pillar heads becoming increasingly
transversal towards the third row of outer hair cells. At the Hensen’s
stripe the movements of the TM and the tip of the inner hair cell
stereocilia bundle were almost perpendicular to each other. Moreover,
movements at the tip of the stereocilia bundle were significantly larger
in comparison to those obtained from the inner hair cell cuticular plate
for frequencies below and close to best frequency of the measuring site
and were similar in size above best frequency.

Supported by the NSF (IBN - 0077 476)

Comparing Material Properties of Tectorial
Membranes From Normal and COL11A2 -/- Deficient Mice

#Kinuko Masaki’ Richard J. Smith®, Dennis M. Freeman® "HST and
RLE, MIT, Cambridge, MA, *Otolaryngology, University of
Iowa, lIowa City, IA, SHST, EECS and RLE, MIT, Cambridge,
MA

Collagens are the primary structural proteins of the tectorial membrane
(TM) (Thalmann et al., 1986). Mutations in COL11A2, which encodes
one of the proteins that make up type XI collagen, cause non-syndromic
hearing loss (DFNA13) in humans and a 40-50 dB hearing loss in
homozygous COL11A2-deficient mice (McGuirt et al.,1999). In the
COL11A2 -/- mouse mutant, the TM has a disorganized fibril structure
in electron microscopic images. These results led McGuirt et al. to
hypothesize that hearing loss in the COL11A2 -/- mouse mutants results
from changes in the material properties of the TM. To determine how
large these changes are, we measured the stress/strain relation of
isolated TMs from normal and mutant mice. TMs were isolated and
placed on a microscope stage, and volume changes were measured by
tracking the positions of carboxylated beads attached to the TM surface.
In contrast to their appearance in fixed tissue, isolated TMs from
COLI11A2 -/- mouse mutants were typically half the thickness of
normal TMs. To a first approximation, the radial fibrillar structure and
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the longitudinal fibers of the marginal band in TMs of the COL11A2 -/-
mouse mutants appeared normal in light microscopic images. Osmotic
stress was applied by bathing the TM in artificial endolymph solutions
containing various concentrations of polyethylene glycol (PEG) with a
molecular weight of 20 kDa. For a given PEG concentration, the TMs
of COL11A2 -/- mouse mutants shrank less than the TMs of control
mice. With 10 mmol/L PEG in the bath, the thickness of the TM for
both mutants and controls was comparable. These results show that
changes in TM structure in COL11A2 -/- mouse mutants that are only
visible at the electron microscopic level can radically alter the material
properties of the TM.

@ Tectorial Membrane Bulk Stiffness Measurements in
the Gerbil Hemicochlea

*Claus-Peter Richter', Peter Dallos’ ' Otolaryngology-, Head and Neck
Surgery, Northwestern Medical School, Chicago, IL,
2Communication Sciences and Disorders, Northwestern
University, Evanston, IL

It is widely agreed that the tectorial membrane plays an important role
in delivering sound-induced vibrations of the inner ear structures to the
hair cell stereocilia bundles. However, basic properties and
micromechanics of the tectorial membrane (TM) remain unclear.
Experimental data on TM micromechanics and material properties are
sparse. This study presents measurements on tissue properties of the
gerbil TM. Bulk stiffness (k) was determined at two locations in the
gerbil hemicochlea and is compared to previous data obtained from
isolated mouse TMs by Masaki et al. (Abstr. Assoc. Res. Otolaryngol.
25,916, 2002).

Gerbil hemicochleae were placed on the stage of an upright microscope.
Pictures of the TM were taken in 1-4 minute intervals with a CCD
camera attached to one port of the microscope, while artificial
endolymph and artificial endolymph containing Polyethylene Glycol
(PEG) 1, 2, 3, 4, 5 mM were perfused into the experimental chamber.
PEG (MW: 20,000) is a large molecule unlikely to diffuse into the TM,
promoting a concentration gradient between TM and surrounding fluid
space. Using the PEG-concentration gradient, the osmotic pressure (P)
on the TM could be calculated. Resulting changes in TM cross-
sectional area, width and height were measured 2.5 mm (basal turn) and
6.8 mm (middle turn) from the basal end of the basilar membrane.
Volume changes dV were estimated using the changes in cross sectional
area.

Values for bulk stiffness (k=-P/(dV/V), of the gerbil TM differed at the
two measuring sites, 34 kPa at the basal cut edge and 27.6 kPa at the
middle cut edge. Moreover, changes in width and height were different
at the two measuring sites. At both locations the changes in TM height
were larger than the changes in TM width. The ratio between changes
in TM width and changes in TM height increased towards the apex of
the cochlea, but remained independent of PEG concentration.

Supported by the NSF (IBN 0077467).

A Microfabricated Orthotropic Cochlear Partition
for a Physical Cochlear Model

#lichael J. Wittbrodt', Charles R. Steele!, Sunil Puria’
'Mechanics and Computation Division, Department of
Mechanical Engineering, Stanford University, Stanford, CA,
*Mechanics and Computation Division, Department of
Mechanical Engineering, Stanford University, Palo Alto, CA

Basilar membrane motion in animals and mathematical models of the
cochlea provide an understanding of the physics of the cochlea.
However, due to the complexity of the Organ of Corti, this is often not
sufficient to explain the system. As a result, we turn to simplified
physical models to either verify critical assumptions or to provide an
explanation of a function in a controlled environment. In this work, we
are developing a fabrication method to build a passive uncoiled cochlea
model.
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Iurato ( JASA Vol. 34, No. 8, Part 2 Sept. 1962) describes the basilar
membrane as consisting of a supporting layer made up of filaments
arranged in a transverse direction. The transverse fibers create highly
orthotropic (direction dependent) material properties. Our efforts to
create a life-sized uncoiled cochlea model have resulted in the
development of a composite material to more closely represent the
highly orthotropic basilar membrane properties. Thin layers of
polyimide (several microns) serve as the matrix and aluminum
(fractions of a micron) is used for the fibers. The fiber dimensions and
distribution were selected to account for the stiffness change from basal
to apical ends. Immersing the membrane in a fluid environment and
exciting with a piezoelectric sound source shows some spatial tuning
and a traveling wave.

This technology can be extended for additional study of various basilar
membrane boundary conditions. The fabrication method is compatible
with additional processing needed to achieve our long term goal of an
active cochlear model.

Work supported in part by NIDCD of NIH NSRA 1 F31 DC05454-01
and NIDCD of NIH R29 DC03085

Calculation of Inner Head Acoustic Field for Bone-
Conducted Sound

#Takefumi Sakaguchi’, Yoshiaki Watanabe?, Tadashi Nishimura!,
Hiroshi Hosoi' 'Department of Otorhinolaryngology, Nara
Medical University, Kashihara, Japan, “Department of
Electronics, Doshisha University, Kyo-Tanabe, Japan

Bone-conducted ultrasound is known to be perceivable not only to the
normal hearing but also to the profoundly deaf person. Activation of
auditory cortex has been reported for the stimulation of bone-conducted
ultrasound and some of the central mechanisms of its hearing has been
revealed over the last few years; meanwhile, that of peripheral's has
remained unclear.

In order to elucidate the peripheral perceptual mechanism of the bone-
conducted ultrasonic hearing, it is essential to reveal the physically
occurring phenomenon within the body for the bone-conducted
stimulation. Here, we attempt to show the calculation of acoustic field
formed within the head using the initial numerical head model and the
finite-difference time-domain (FD-TD) technique. Bone-conducted
stimulation of audible and ultrasonic frequency was simulated,
transducers were placed at three slightly different locations near the left
mastoid. Calculated sound fields at the plane including the cochleae
showed considerably different characteristics between those
frequencies. For audible frequency stimulation, their distribution
negligibly differed for each stimulation location. On the contrary, for
ultrasonic frequency stimulation, their distribution shifted considerably
for each different stimulation location. Perceptible directional difference
of the sound for bone-conducted ultrasound and audible sound can be
accounted for by these differences of the sound field formed.

Title: Protective Effect of Edaravone Against
Streptomycin-Induced Vestibulotoxicity in the Guinea Pig

*0samu Horiike, Hiroaki Shimogori, Takuo Ikeda, Hiroshi Yamashita
Otolaryngology, Yamaguchi University School of Medicine, Ube,
Yamaguchi Prefecture Japan

Aminoglycoside antibiotics enjoy widespread clinical use as highly
effective antimicrobial agents. However, a serious limitation to the use
of these drugs is their side effect of ototoxicity. Streptomycin causes
preferential damage to the vestibular system. Free-radical scavengers
have been shown to protect against aminoglycoside-induced ototoxicity.
Edaravone, a free radical scavenger, attenuates reactive oxygen species
and has also been used in clinical practice to treat cerebral infarction.
This study investigated alleviation of streptomycin-induced
vestibulotoxicity by edaravone in guinea pigs. Streptomycin was
administered to the inner ear by osmotic pump for 24 hours, and
edaravone (n = 8) or saline (n = 6) was intraperitoneally injected once a
day for 7 days. We observed horizontal vestibulo-ocular reflex (HVOR)
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gains as a marker of postoperative vestibular function. We calculated
HVOR gains using our method in the preoperative state and
postoperative days. Our method used an infrared charge-coupled device
(CCD) camera and our macro for analysis of guinea pig eye movement.
Animals injected with saline showed statistically smaller gains than
those injected with edaravone. These results suggest that edaravone
suppresses streptomycin-induced vestibulotoxicity. It is expected that
edaravone will be used to treat streptomycin-induced balance loss.

AMPA-Induced Vestibular Disorder in the Guinea

Pig

*Hiroaki Shimogori, Osamu Horiike, Kazuma Sugahara, Takeshi
Okuda, Hiroshi Yamashita Otolaryngology, Yamaguchi

University School of Medicine, Minamikogushi 1-1-1, Ube,
Yamaguchi 755-8505 Japan

Ischemic injury is one of the major causes of inner ear diseases. The
ischemic injury induced elevation of glutamate concentration in the
cochlear perilymph. Glutamate is the most likely neurotransmitter
between hair cells and primary afferents in the inner ear. But excessive
glutamate also has toxic effects on the inner ear. The aim of this study
was to make an animal model of peripheral vestubular disorder like
ischemic injury.

Twenty-five Hartley guinea pigs with normal PreyerOs reflexes and
normal tympanic membranes were used in this study. Intracochlear
administration of AMPA (10 mM) was performed at 0.6 ml/hr for 5
minutes by a syringe pump (n = 15). As a control group, a same amount
of artificial perilymph was administered intracochlearly (n = 10). In the
AMPA group, 13 animals out of 15 showed spontanecous nystagmus,
and it disappeared within 18 hr after operation. In 5 animals, caloric test
was performed, and it revealed significantly decreased caloric response
in the lesioned side compared with intact side. In the control group, all
animals showed no static symptom. One week after operation, in 5
animals of each group, caloric test was performed. Animals in both
groups showed no statistical difference in caloric responses between the
lesioned side and the intact side. But in the AMPA group, a mean value
of caloric response time in the lesioned side/ caloric response time in
the intact side was statistically smaller than that in the control group.

Our results indicate the possibility that proper intracochlear
administration of AMPA can produce an animal model with partial and
reversible peripheral vestibular disorder.

Characterization of Gai2 Splice Variants in the Rat
Vestibular Periphery

*Joseph A CioffI1, Richard Raphael, Christy B. Erbe, Umesh K.
Tiwari, Paul Popper, Phillip A. Wackym Department of
Otolaryngology and Communication Sciences, Medical College
of Wisconsin, 9200 W. Wisconsin Ave., Milwaukee, WI

The response of vestibular afferent neurons to efferent modulation is
regionally variable within the end organs, and this complex
efferent/afferent interaction is subserved by a variety of
neurotransmitter/neuromodulators receptors as well as second
messengers. Previously we identified a novel partial cDNA encoding a
G-protein alpha subunit, termed Gai2(vest), as well as two forms of
Gas (Wackym et al., Neurosci Lett 2000;280:159-162). Using a
normalized Rattus norvegicus vestibular cDNA library (Wackym-
Soares) we identified expression of Gai2, Gas, Gaolf, and Gao. This
normalized rat vestibular cDNA library was subsequently enriched for
Gai2 using the RecActive protocol (Active Motif, Carlsbad, CA). After
colony filter hybridization, nucleic acid sequencing was performed on
positive clones. Sequencing revealed two additional alternatively
spliced transcripts of Gai2 (pA8 and pV2). Analysis of the sequence
data suggests that pA8 and pV2 could encode for truncated versions of
the Goi2 protein that may serve altered cellular functions.
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Additional clones are currently being characterized and these data will
be presented.

Supported by NIDCD R0OIDC02971 (P.A.W.) and an intramural grant
from the Toohill Research Fund of the Department of Otolaryngology
and Communication Sciences.

@ Opioid Regulation of cAMP Levels in the Mammalian
Vestibular Epithelia

#Paul Popper, Ricardo Cristobal, Wolfgang Siebeneich, Phillip A.
Wackym Department of Otolaryngology and Communication
Sciences, Medical College of Wisconsin, 9200 W. Wisconsin
Ave., Milwaukee, WI

We investigated the effects of 1 opioid receptor (MOR) activation in the
rat vestibular epithelia by measuring changes in cAMP levels in vitro.
MOR was stimulated by bath application of DAMGO (10, 100 and
1000 nM final concentration), and cAMP levels where measured with a
sensitive solid phase assay (Assay Design, Inc.). DAMGO increased
dose cAMP levels in buffer treated vestibular epithelia (unstimulated
cAMP levels) in a dose dependent fashion. Treatment with DAMGO
had no effect on cAMP levels in forskolin treated (receptor independent
stimulation of cAMP levels). To study the effects of MOR activation
on cAMP levels stimulated through a Gas coupled pathway, vestibular
epithelia were treated with CGRP (calcitonin gene-related peptide) prior
to treatment with DAMGO. DAMGO did not inhibit CGRP stimulated
cAMP levels. MOR is coupled to Gai/o, which inhibits adenylyl
cyclase.  Therefore, stimulatory effects of MOR activation on
unstimulated cAMP levels suggests that it is through the Py subunit
complexes of G proteins. Since isoforms AC2 and/or AC4 of adenylyl
cyclase are stimulated by the By subunit complexes, these data suggest
MOR is colocalized with AC2 and ACA4.

Supported by NIDCD R0IDC02971 (P.A.W.) and an intramural grant
from the Toohill Research Fund of the Department of Otolaryngology
and Communication Sciences.

@l Kappa Opioid Receptor Activation Inhibit Calcium
Current in Type II Hair Cells.

#Rosario Vega V Saenz de Miera, Enrique Soto Instituto de
Fisiologia, Universidad Auténoma de Puebla, Puebla, Mexico

It has been found that kappa opioid receptors decrease the afferent
activity in the isolated vestibular system. This study was designed to
determine the actions of kappa receptors on the ionic currents from hair
cells of the axolotl (Ambystoma tigrinum). Hair cells were isolated
from the semicircular canals and ionic currents studied using the whole
cell patch clamp technique. The kappa receptor agonist U-50488 (10
pM to 10 uM, n = 20) produced a significant concentration-dependent
decrement of the outward component of the total ionic current. The
inhibitory action of 0.1 pM U-50488 was blocked in a reversible form
by the prior application of 1 pM naloxone (n = 4) or 1 uM nor-
binaltorphimine (n = 4) indicating an U-50488 specific interaction with
kappa receptors. The perfusion of 300 pM CdCI2 (n = 6) blocked the
effect of U-50488 10 uM indicating that its action was due to a
blockade of the calcium current and subsequent lack of activation of the
calcium activated potasium current. To prove that indeed U-50488 was
acting on the voltage dependent calcium currents, we registered this
current. The application of U-50488 (10 pM to 1 um, n = 28) produced
a concentration-dependent, and reversible decrement of the calcium
current with an IC50 of 2.4 nM, with non-significantchanges in the
current activation kinetics. Possible interactions of U-50488 with ACh
receptors were studied in experiments in which 10 pM atropine, 10 uM
d-tubocurarine (n = 3) or 1 uM strychnine (alfa9/alfal0 ACh antagonist,
n = 4)) were applied by bath perfusion during 3 min, and 0.1 pM U-
50488 was then co-applied by microperfusion to isolated hair cells (n =
3). The inhibitory action of U-50488 showed no significant
modification in the presence of the cholinergic antagonists.

Volume 26, 2003



These results shows that kappa opioid receptors modulate the calcium
current and the subsequent neurotansmitter release from vestibular hair
cells.

Supported by CONACyT grant 35525-N to ES and grant VIEP-1184G01
to RV.

@ A Survey of Vestibular Function in Mutant Mouse
Strains

#Sherri M Jones', Kenneth R. Johnson?, Heping Yu?, Lawrence C.
Erway®, Kumar N. Alagramam®*, Patricia Bell!, Timothy A.
Jones' 'Surgery-ENT, University of Missouri, School of
Medicine, Columbia, MO, *Genetics, The Jackson Laboratory,
Bar Harbor, Maine, *Biological Sciences, University of
Cincinnati, Cincinnati, OH, *Otolaryngology-HNS, The Research
Institute, University Hospitals of Cleveland, Case Western
Reserve University, Cleveland, OH

The purpose of this research is to identify vestibular deficits in mice
using linear vestibular evoked potentials (VSEPs). VsSEP thresholds,
peak latencies and peak amplitudes from 25 strains with known genetic
mutations have been analyzed and descriptive statistics generated for
each strain. Response parameters from homozygotes were compared
with heterozygote controls and all animals were compared to normative
ranges. Previous work established average values for normal VsEP
response parameters at +6 dBre:1g/ms: P1 = 1.3ms, P2 = 2.2ms, P3 =
2.8ms; P1/N1 = 2pV; P2/N2 = 1.6uV. Normal thresholds averaged —8
dB re:1g/ms. Homozygotes of the following mutations had absent
VSEPs at the ages tested: je, tt, dfwy, qv]"dZJ, qv3 7 shl, sr, je, mh, av’,
av”, e, av™, V¥ kenel, pou3f4. These results suggest profound
gravity receptor deficits for these homozygotes; consistent with the
structural deficits documented for many of these strains. Homozygotes
of pa, cdf, mu, sw, stg, gk , and shi strains had measurable VSEPs but
one or more response parameters differed from their respective controls
or were outside normal ranges. For example, gk and shi homozygotes
showed significantly prolonged latencies consistent with the
demyelination known for these strains. Prolonged latencies may suggest
deficits in neural conduction, elevated thresholds suggest reduced
sensitivity and reduced amplitudes may suggest reduced neural
synchrony. One mutation, jv, had all VSEP response parameters within
normal limits; an expected finding since the abnormality in jv is
restricted to the lateral semicircular canal. Interestingly, some
heterozygote strains also showed abnormalities in one or more VSEP
response parameters suggesting that vestibular dysfunction, although
less severe, may be present in heterozygotes.

Supported by NIH RO1 DC04477.

A Comparison of Vestibular and Auditory Function
in Inbred Mouse Strains

#Sherri M Jones', Kenneth R. Johnson?, Heping Yu?, Qing Yin
Zheng?, Lawrence C. Erway’, Timothy A. Jones' 'Surgery-ENT,
University of Missouri, School of Medicine, Columbia, MO,
2Genetics, The Jackson Laboratory, Bar Harbor, Maine,
3Biological Sciences, University of Cincinnati, Cincinnati, OH

The purposes of this research are: 1) to survey vestibular function in
inbred mouse strains; and 2) compare vestibular and auditory function.
Vestibular function was measured using vestibular evoked potentials
(VSEPs). VsEP thresholds, peak latencies and amplitudes were
quantified. VSEP thresholds were compared to ABR thresholds from
age and strain matched mice (Zheng et al. 1999, Hear. Res. 130:94-
107). Vestibular data have been collected for 15 inbred strains (n < 5).
B6 (35d (days), 190d) and C3H/HeSnJ (120d) mice had VSsEPs
comparable to normal (Jones & Jones, 1999, Hear. Res. 136:75-85).
Abnormalities in one or more parameters were found for
NOD.NONH2nb1 (28d, 185d), BUB/BnJ (84d), BALB/cByJ (71d), A/J
(211d), CBA/J (62d), DBA/2J (73d), NOD/LtJ (66d, 190d), A/WySnJ
(60d), MRL/MpJ (68d), A/HeJ (120d), CAST/Ei (72d), SIL/J (58d), and
CE/J (91d). These results suggest that vestibular function varies among
inbred strains and identify several strains that show vestibular deficits
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by age 70 days. Potential genes responsible for early onset vestibular
impairment remain to be identified. ABR thresholds were compared to
VSEP thresholds for 12 age-matched strains. B6 mice showed normal
ABRs and VSEPs up to 190 days old. Three strains had significant
hearing loss (BUB/BnJ, NOD/LtJ, A/J) and elevated VSEP thresholds.
Four strains (DBA/2J, A/WySnJ, NOD.NONH2nbl, A/HeJ) had
elevated VSEP thresholds (including absent VSEPs) but relatively little
change in ABRs. Three strains (MRL/MplJ, Ce/J, SJL/J) had significant
vestibular loss with no concomitant hearing loss. These results suggest
that functional change in one sensory system does not obligate change
in the other. Furthermore, we hypothesize that genes responsible for
early onset hearing loss may affect vestibular function, yet the time
course of change in the sensory systems may vary. In addition, some
genetic mutations may produce solely vestibular deficits.

Supported by NIH RO1 DC04477 (SMJ) and NO1 DC62108 (KRJ).

@ Hair Cell Mechanics of Three-Dimensional Utricular
Bundles

#J. Wallace Grant',Joe Silber', John Cotton', Ellengene H.
Peterson® 'Engineering Science and Mechanics, VA Tech,
Blacksburg, VA, 2Biological Sciences, Ohio University, Athens,
OH

Most models of hair cell bundles have adopted the stereocilia-in-a-row
configuration, ignoring the three-dimensional aspects of a bundle. We
used finite element models of real three-dimensional vestibular bundles
to analyze their mechanics. Using six selected bundles from different
regions in the utricle of the red eared turtle, we subjected each bundle
model to a point-force applied to the kinocilium tip, ranging from 0 to
500 pN, and analyzed the resultant deformations and tip link tensions.

The cells divided into two groups based on an order-of-magnitude
difference in bundle stiffness: a compliant group and a stiff group.
Although both groups exhibited stiffness values that increased with
applied load, the values of the compliant group increased less than those
of the stiff group. Two obvious structural differences existed between
the groups that caused the differences in stiffness. The stiff group had
more cilia than the compliant group, and a more significant factor was
the smaller difference in height between the tallest stereocilia and the
kinocilium. We also found that decreasing the cilia diameters in a
bundle by 10% resulted in a 20% decrease in stiffness.

A similar distribution of tip link tensions was discovered in all six cells:
parallel tension behavior was common near the edges of the bundle, and
serial tension behavior was found near the center of the bundle toward
the kinocilium. Increasing the elastic modulus of the tip links tended to
push the overall distribution in the parallel direction, but no matter how
much the tip link modulus was increased, completely parallel behavior
could not be achieved.

Spatial Patterns in the Structure of Otolithic
Membranes

*J. Xue, Ellengene H. Peterson Biological Sciences, Neuroscience
Program, Ohio University, Athens, OH

In vertebrate utricles, the otolithic membranes (OMs) deliver
mechanical stimuli to hair cells. One important question is whether the
OMs move as a rigid plate, thereby delivering a uniform stimulus to all
receptors. To answer this question, it would be useful to know whether
the OMs are structurally uniform across the entire sensory surface.

We characterized these spatial patterns in the OMs using fixed, but not
dehydrated utricles of a turtle, 7. scripta. Utricles were processed using
artificial endolymph (65uM Ca?"), stained with wheat germ agglutinin
to visualize OMs and with phalloidin to visualize hair bundles, and
viewed as wholemounts or slices using confocal microscopy.

There are marked regional differences in all OMs. The column
filament layer (between epithelial surface and the underside of the gel
layer) in the medial extrastriola (MES) is 10.8 + 1.4 pum thick and
continuously stained, suggesting that it is occupied by numerous,
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uniformly distributed filaments. In the striola it is thinner (7.1 + 1.0
um), appearing as isolated, widely-spaced strands. The gel layer is thin
in the MES (2.6 + 0.6 um). In the striola it is much thicker (11.1 + 1.9
um). It is densely stained and honey-combed with irregularly shaped
channels. Many of these channels are continuous with interstices in the
compact filament layer and penetrate to the otoconial layer. Bundles are
eccentrically placed in these channels; the kinocilial end of each bundle
is nearest its channel wall. The otoconial layer is thick (83 + 3.3 um)
in the MES with variably sized (17.9 + 9.4 pum?) otoconia; it is thinner
over the striola with smaller (12.6 + 7.8 pm?) crystals.

Our data indicate the OMs are not spatially uniform. If these regional
differences in structure have mechanical sequelae, then stimuli
delivered to utricular bundles may differ with location on the macular
surface.

Hair Bundles of the Utricular Striola in a Turtle,
Trachemys scripta.

*William J. Moravec,J. Xue, Michael H Rowe, Ellengene H.
Peterson Biological Sciences, Neuroscience Program, Ohio
University, Athens, OH

The striola is a specialized region of all vertebrate otolith organs, but its
definition and functional significance are unclear. To address these
issues we use scanning microscopy and autocorrelation analyses to
characterize mechanically significant features of striolar arrays
(number, spacing, and geometry of stereocilia), and we combine
confocal microscopy with hair cell and afferent labelling to assign
bundles to different hair cell types.

This approach distinguishes lateral (zone 1) and medial (zone 4)
extrastriola from the striola (zones 2, 3). Extrastriolar hair cells are
exclusively type II. They outnumber striolar hair cells (85-15%) and
differ significantly from them in stereocilia number (15-70 vs. 65-130),
spacing (0.31 vs. 0.27 um), and array regularity. Striolar hair cells form
two distinct zones. Zone 2 is a 35-40 um band of type II hair cells that
spans the line of polarity reversal. Bundles in zone 2 have 20-85, widely
spaced (0.32 + 0.01 pm) stereocilia. Kinocilia and the tallest stereocilia
are the same height. Zone 3 is a 35-45 pm band medial to zone 2.
Bundles in zone 3 have significantly more numerous (65-130), closely-
spaced (0.29 + 0.02 um) stereocilia than zone 2 bundles, and relative
kino- and stereocilia heights are heterogenous. Type I hair cells are
restricted to zone 3. They account for over 50% of receptors in this
striolar subdivision and 3% of total utricular hair cells. They supply
single (24%) or complex calyces with 2-7 hair cells (76%).

Our data suggest that striolar and extrastriolar bundles are structurally
distinct and that the striola is highly differentiated, with location- and
perhaps type-specific bundle morphologies. These structural differences
likely have mechanical consequences (Silber et al., 2003, ARO),
suggesting that subsets of utricular hair cells may respond distinctively
to head movements.

Responses of Primary Afferents to Mechanical
Indentation of the Posterior Canal in the Turtle, Trachemys
scripta.

*Wichael H Kowe Biological Sciences and Neuroscience Program,
Ohio University, Athens, OH

Posterior canal afferents in the turtle exhibit a range of response
dynamics to rotational stimuli (Brichta and Goldberg, 2000). We are
using an in vitro turtle preparation to assess whether this diversity can
be replicated with mechanical indentation of the posterior canal. A
probe was placed directly on the posterior duct, about 2 mm from the
ampulla, via a small hole in the overlying skull and bony canal. The
probe was attached to a Burleigh piezzo-electric device that delivered
sinusoidal indentations at frequencies ranging from .01 to 100 Hz and
with amplitudes ranging from .5 to 12.5 um. Afferent responses in the
form of sinusoidal modulations of firing rate were recorded in phase
histograms, and the amplitude and phase of the modulations calculated
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by discreet Fourier transform. Posterior canal units were excited by
decreasing indentation of the canal and inhibited by increasing
indentation. Bode plots for frequencies from .01 to 2 Hz generally
resemble those observed for rotational stimuli, with phase leading
minimum indentation by 50-100 deg at .01 Hz, and the magnitude of the
phase lead declining with increasing frequency. In many units, at
frequencies above 2 Hz, continuous modulation of firing rate within a
cycle gave way to burst-like firing patterns, with burst duration
progressively decreasing with increasing frequency. At the highest
frequencies, the response was typically reduced to a single, phase-
locked spike per cycle. In Bode plots, this behavior appeared as a
progressive phase advance at frequencies from about 2-5 Hz up to 100
Hz. In a minority of units, response phase continued to decline with
frequency even at 100 Hz.

Synaptic Mechanisms Underlying Afferent Responses
to Efferent Activation in the Turtle Posterior Canal.

*Joseph Christopher Holt, Jin-Tang Xue, Jay M. Goldberg
Neurobiology, Pharmacology, and Physiology, University of
Chicago, Chicago, IL

In the turtle posterior crista, there is heterogeneity in afferent responses
to electrical stimulation of efferent fibers. Bouton afferents near the
torus (BT) are inhibited while those at intermediate positions (BM)
show mixed inhibitory-excitatory responses. In calyx-bearing units
(CD), efferent stimulation results in a large excitation. Afferent action
potentials were abolished after iontophoresing the charged lidocaine
deriviative, QX-314, from the recording microelectrode into the
afferent. This allowed us to record postsynaptic potentials in isolation
while stimulating efferent fibers. Efferent inputs to hair cells were
distinguished from inputs to afferents using response latencies,
modulation of quantal rate, and sensitivity to the glutamate antagonist
CNQX. We have deduced that efferent responses in BT and BM units
are comprised of a hair-cell excitation coupled with a hair-cell
inhibition. The inhibition most likely results from the activation of
alpha9/alphalO-containing  nicotinic  receptors  (a9/10nAChRs)
functionally coupled to the activation of small-conductance, calcium-
dependent potassium channels (SK). Consistent with this mechanism,
the voltage response to a single efferent shock in BT and BM afferents
consist of a brief increase in quantal activity followed by a prolonged
decrease in quantal activity. Both components were simultaneously
blocked by a9/al0OnAChR antagonists and CNQX, and the initial
increase in quantal activity was enhanced and isolated using SK
blockers. BM units show an additional hair-cell post-inhibitory
excitation, and both BT/BM show a postsynaptic component following
CNQX. These components are all equally sensitive to drugs known to
block a9/10nAChRs. CD units also respond to single shocks of efferent
fibers. The kinetics of these single shock responses suggest at least two
excitatory components. The efferent responses in CD fibers are also
sensitive to cholinergic antagonists.

Supported by NIH DC02058-06 and T-32DC 00058-01

Modes of Afferent Non-quantal Transmission in the
Turtle Posterior Crista

*Jin-Tang Xue, Joseph Christopher Holt, Jay M. Goldberg
Neurobiology, Pharmacology, and Physiology, University of
Chicago, Chicago, IL

Transmission from hair cells to afferents may involve both quantal and
non-quantal components. In our previous work, we studied the
responses to 0.3-Hz sinusoidal indentation of the canal duct. Quantal
transmission was indicated by brief, randomly timed mEPSPs, which
were abolished in low Ca2+ and by the glutamate-receptor antagonist,
CNQX; non-quantal transmission, by a periodic modulation in
intracellular potential that persisted after quantal transmission was
blocked. Afferents were classified as calyx-bearing (CD) or bouton (B)
based on their responses to electrical stimulation of efferent fibers.
Quantal and non-quantal transmission were more conspicuous in B and
CD units, respectively. We now report that stimulation at higher
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frequencies reveals two forms of non-quantal transmission. During
stimulation at 30 Hz, there is a slow, depolarizing shift in potential upon
which are superimposed faster potentials synchronized to the sinusoidal
stimulus. Slow shifts are conspicuous only in CD units and may reflect
the accumulation of K+ ions in the cleft between the type I hair cell and
the calyx ending. The faster, synchronized potentials are present in
both CD and B units and, judged by the actions of CNQX, consist of
both quantal and non-quantal components. Once again, the quantal
components are more conspicuous in B units. It has been suggested that
the depolarization of type I hair cells due to K+ accumulation is
necessary for quantal transmission involving calyx endings. Two
observations do not support the suggestion: 1) A slow shift is not seen
at 0.3 Hz, even when quantal transmission is present in CD fibers. 2)
Increasing extracellular K+ to 10 mM, rather than enhancing quantal
transmission in CD fibers, severely curtails it. Evidence is required to
confirm that the slow shift is due to K+ accumulations. The
mechanisms responsible for the synchronized potentials need to be
elucidated.

Supported. by NIH DC02058-06 and T-32DC 00058-01).

Comparative Analysis of Afferent Dendritic
Architectures within the Otolithic Maculae.

#*Larry FF Hoffman, Augustine Chung Division of Head & Neck
Surgery, UCLA School of Medicine, Los Angeles, California

We have previously reported that dendritic arbors of primary afferent
neurons projecting to the lateral extrastriolar region of chinchilla
utricular maculae exhibit architectures that are aligned with the
morphologic polarization vectors (mpvs) of hair cells to which they
project (Hoffman, 4bs. Soc. Neurosci. 27, °01). In the present study we
explored whether this characteristic is a general feature of afferent
dendritic morphology in other species, particularly nonmammals. To
accomplish this, dendritic architectures of utricular afferents were
studied in bullfrogs. We also tested whether the mpv-specific
alignment of afferent architectures is found among saccular afferents.

Primary afferent dendrites were labeled through extracellular injections
of tetramethylrhodamine-biocytin into the anterior vestibular nerves of
anesthetized bullfrogs. Following a 24-hour incubation period, the
utricular and saccular maculae were harvested following transcardial
perfusion and postfixation with 4% paraformaldehyde. Neuroepithelia
were then labeled with fluorophore-conjugated phalloidin (i.e. Alexa-
488 phalloidin), which illuminated the stereocilia and tight junctions of
hair cells for determination of their mpvs and hair cell densities.
Afferent dendrites and the overlying neuroepithelial surface were then
imaged via confocal microscopy. Dendrites were reconstructed and hair
cell mpvs determined from these optical stacks using Neurolucida
(Microbrightfield, Inc.) and NIH Image.

Among the arbors examined thus far, the variance of hair cell mpvs
within bullfrog utricular afferent terminal field areas tended to be
associated with projection locus within the neuroepithelium. This
variance tended to be greater than that found among chinchilla utricular
afferents. However, terminal field areas, and hair cell mpv variance
within these areas, of bullfrog utricular afferents were smaller than
areas corresponding to saccular afferents. This suggests that the factors
contributing to dendritic architecture may be different in these two
sensory receptors.

Supported by grants from the NIH and NASA.

@l Response Properties of Regenerated Vestibular
Afferents following Regeneration from Ototoxic Damage

#Zakir H Mridha',J. David Dickman® 'Harold W. Siebens Hearing
Research Center, Central Institute for the Deaf, St. Louis, MO,
Harold W. Seibens Hearing Research Center, Central Institute
for the Deaf, St. Louis, MO

Common to all animals, pigeon vestibular afferents innervating the
semicircular canals and otolith receptors are spatially tuned to
directional motion and have been well characterized in their dynamic
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responses. What happens to these response properties when peripheral
receptors of the vestibular system are damaged, replaced with the new
cells, and subsequently re-innervated by the afferents after treatment
with aminoglycoside antibiotics? The primary objective of the present
study was to determine the functional capacity of the regenerated
vestibular afferents in pigeons. Neural recordings from vestibular
afferents were obtained by linear acceleration and rotational motion, in
both normal birds and animals undergoing regeneration from 4 days to
1 year post-treatment. Each afferent was characterized as semicircular
canal or otolith fibers using rotations in different planes and linear
motion & OVAR. Once identified, the responses to sinusoidal stimuli
at frequencies ranging 0.02 — 4.0 Hz (for canals) and 0.03 to 10.0 Hz
(for utricle) were obtained. The direction of maximum sensitivity for
cach afferent was determined. To date, responses from canal afferents
show that following 9 months to 1 year of post-treatment regeneration,
the mean gains of regenerated horizontal and vertical canal afferents are
not significantly different from normal values. Response phases of
regenerated afferents had also returned to normal values. In contrast,
the dynamic response properties of regenerated otolith afferents were
different than normal, with lower gain and more advanced phases.
Anatomical reconstructions of fully regenerated afferents show that the
three main types of afferents return, including calyx, dimorph, and
bouton fibers. However, the innervation patterns of regenerated fibers
are different than normal afferents, with smaller terminal fields, smaller
calyces, and fewer boutons.

This work was supported in part by NIDCD DC03286

@ Characterization of 3D Eye and Head Movements
under Headfixed and Headfree Conditions in the Normal
and Regenerated Pigeon.

#Asim Haque'!, Dora E. Angelakiz, J. David Dickman' 'Harold W.
Seibens Hearing Research Center, Central Institute for the Deaf,
St. Louis, MO, “Dept. of Neurobiology, Washington University
School of Medicine, St. Louis, MO

To fully appreciate the effects of hair cell regeneration in avians, one
must characterize the return of function after aminoglycoside insult. In
pigeons, it is thought that head movement plays a major role in the
stabilization of gaze and vision, although it has been studied far less
than the VOR. From previous studies in our laboratory, it was
determined that the VOR responses to both rotational and linear motion
were under compensatory in headfixed animals, especially for
translational motion. Under headfree conditions, others have shown
that gaze stabilization is completely compensatory. To provide head
stability, several mechanisms appear to be working in concert, including
the VCR and CCR reflexes, as well as head inertia. It was reported that
the VCR response supplemented the VOR in the dark and more so in
the light. However, these studies were limited to a single plane of
stimulation at low frequency.

In the present study, both normal and long-term regenerating adult
pigeons were implanted with dual eye and head search coils and placed
beak-forward in a three-field AC magnetic coil system atop a motion
delivery device under dark conditions. Frequency dynamic responses to
rotational stimuli ranging from 0.01 - 2 Hz yaw (20 deg/s), 0.02 - 4 Hz
pitch and roll (20 deg/s), as well as OVAR (10 - 60 deg/s) were
obtained under both headfree and headfixed conditions. For yaw and
pitch stimuli, the regenerated eye, head, and gaze gains were lower than
those of normal birds, especially at lower frequencies, while the
regenerated phases were slightly advanced. At higher frequencies,
regenerated and normal gains were similar. Under OVAR conditions,
normal gains were flat compared to regenerated gains, especially in the
torsional and vertical directions.

This work was supported by HHMI and NIDCD 03286.
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Development Of Vestibular Otolith Receptors In
Microgravity

*J. David Dickman', Anna Lysakowskiz, David Huss', Steven D
Price’ 'Harold W. Seibens Hearing Research Center, Central
Institute for the Deaf, St. Louis, MO, 2Department of Anatomy
and Cell Biology, University of Illinois at Chicago, Chicago,
Illinois

Development of the utricle and saccule vestibular otolith organs was
examined in embryonic quails raised from fertilization in either normal
lg or microgravity (0g). Fertilized eggs were arrested from
development by cooling, placed into an incubator (ADF - SHOT, Inc),
and flown on STS108 for 12 days in space. Upon orbital insertion (2
hours), the ADF temperature was raised to 99°F, with a constant 66%
humidity. Group 1 eggs were exposed to Og and group 2 eggs
underwent constant velocity centrifugation at 1g in the same ADF in
space. Four Og quail embryos and six 1g embryos were recovered alive
at E12 upon shuttle landing. Ten additional control embryos were
raised in a normal ground ADF. The otolith organs were harvested
from all E12 embryos for study. The Og embryos had smaller mean
body weights (2.4 gms) as compared to the 1g controls (3.5 gms). The
ratios of otoconial stone mass weight/body weight increased by 40% in
O0g embryos as compared to both flight and ground lg controls. In
addition, the mean saccular epithelium area was smaller in Og embryos
as compared to 1g embryos. Examination of the hair cell stereocilia
polarizations showed that normal organizational arrangements were
present for both Og and 1g sacular maculaec. Number of hair cells and
type are currently being assessed. Neural tracing (HRP) experiments
were performed on all E12 embryos, with vestibular nerve afferent
innervation of otolith organs being examined. Group 1 Og fibers were
highly branched with dense arborizations and numerous terminals as
compared to 1g controls. Initial electron microscopic observations
reveal that the synapse type and number for type I and type II hair cells
may differ for the Og and 1g embryos. Quantitative comparisons of EM
and innervations will be presented, as currently double blind evaluations
are being performed.

Supported in part by funds from NASA NCC2-1159.
Hair Cell Counts in Rodent Cristae Ampullares

#*Sapan S Desai, Hussain Ali, Anna Lysakowski Department of
Anatomy and Cell Biology, University of Illinois at Chicago,
Chicago, IL

Though numerous studies have been conducted in mammalian cristae
organs (Fernandez et al., JNP 60:167, 1988; Lysakowski and Goldberg,
JCN 389:419, 1997), precise estimates of hair cell and supporting cell
numbers using a single method are lacking. Using the disector method,
we counted the numbers of type I, type II, and supporting cells in the
central, intermediate, and peripheral zones of the mouse, rat, gerbil,
guinea pig, chinchilla, and tree squirrel cristae. We have previously
presented our findings in the macular organs of these species (Desai et
al., ARO Abst 2002).

Horizontal (N=3 for each species) and vertical cristae (N=3 for each
species) were dissected from mouse, rat, gerbil, guinea pig, chinchilla,
and tree squirrel and stained using calretinin immunochemistry.
Sensory organs were osmicated, dehydrated, embedded in Araldite
resin, serially sectioned at 2 pum thickness, and counterstained with
Richardson’s stain. Sections were photographed and digitized for
computer-assisted disector counts. The total number of type I, type II,
and supporting cells were determined.

Overall numbers (mean + SE) of type I (I) and type II (II) HCs, and
supporting cells (SC) follow: mouse (I, 760 + 45; 11, 653 + 47; SC, 1968
+ 152), rat (I, 1323 + 50; 11, 1171 £ 42; SC, 2919 + 144), gerbil (I, 1635
+ 88; II, 1540 + 70; SC, 3740 + 206), guinea pig (I, 2563 + 41; II, 2875
+59; SC, 6417 + 107), chinchilla (I, 3196 + 57; 11, 2988 + 49; SC, 7234
+ 134), and tree squirrel (I, 3308 + 48; II, 3025 + 23; SC, 7536 + 120).
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The ratios of type I to type II HCs in the central (C) and peripheral (P)
zones, and overall (O) for each species are: mouse (C, 60:40; P, 47:53;
0, 54:46), rat (C, 60:40; P, 47:53; O, 53:47), gerbil (C, 58:42; P, 45:55;
0O, 52:48), guinea pig (C, 64:36; P, 38:62; O, 47:53), chinchilla (C,
54:46; P, 47:53; O, 52:48), and tree squirrel (C, 54:46; P, 49:51; O,
52:48). The number of cells in all of the cristae of a species were
pooled after it was determined that there is no significant difference
between horizontal and vertical cristae (F test > 0.05).

Supported by DC02521 (AL), NAG 2-1358 (AL) and DCO5451 (SSD).

Transient Expression of Voltage-Gated Na+ Channels
and Activity-Dependent BDNF Release During Late
Synaptogenesis in Rat Utricle.

#Christian Chabbert’, Ilana Mechalyl, Victor Sieso', Cécile Travot',
Francois Couraud?, Pierre Giraud?, Jacques Lehouelleur', Jean
Valmier', Alain Sans' 'Neuroscience, INSERM, Montpellier,
France, 2Neuroscience, INSERM U464, Marseille, France

Electrophysiological maturation of vestibular hair cells occurs in
parallel with the expression of brain-derived neurotrophic factor
(BDNF), the main neurotrophin implicated during vestibular epithelium
development. In the present study, we investigated whether a
correlation exists between these two developmental processes.

Using the whole-cell configuration of the patch-clamp technique and
single-cell RT-PCR, we characterized in the rat utricle, the
electrophysiological properties of the voltage-gated sodium currents and
the molecular characteristics of their related channels. We then
performed intracellular recordings to test whether INa may underlie the
generation of action potentials in neonatal hair cells. Using ELISA in
situ we studied the capacity of utricle to induce activity-dependent
secretion of BDNF at the same period.

We report the presence of a voltage-gated tetrodotoxin (TTX)-sensitive
Na+ current that displays most of the characteristics of neuronal sodium
current. Single-cell RT-PCR reveals that this current is supported by
different mRNA alpha subunits isoforms, with a major expression of
Navl1.2 and Navl1.6. This current present at birth decreases dramatically
from P1 to P8 and becomes undetectable at P21. This transient
expression is confirmed at the protein level by immunocytochemical
studies. In addition, we demonstrate that depolarizing current injections
provide to the neonatal hair cells the capability to fire TTX-sensitive
action potentials. Finally, we provide evidence of a TTX-sensitive
activity-dependent BDNF release on utricle explants at PO, whereas
only a constitutive secretion remains at P21.

Taken together, our results suggest that during postnatal period, the rat
utricle hair cells transiently express sodium channels that underlie
electrical activity and an activity-dependent BDNF release, required for
the synaptogenesis processes.

Uncoupling Protein Expression in the Rat and
Primate Inner Ear

*Tadashi Kitahara, Carey D Balaban Otolaryngology, University of
Pittsburgh, Pittsburgh, PA

Uncoupling proteins (UCPs) are a proton transporter family located in
the mitochondrial inner membrane. UCPs play important roles in
expenditure of energy and heat production. UCPI1 is the classical
thermogenic form in brown adipose tissue. UCP2 is distributed more
widely, including the central nervous system; UCP3 is expressed most
heavily in muscle.

The mechanisms of caloric-induced nystagmus during the caloric test
have been believed due to the endolymphatic convection. However,
caloric-induced nystagmus under microgravity appeared toward the
same direction as on the earth, implying a direct conductive effect via
sensitive inner ear thermoreceptors. Since the inner ear is thermally
isolated from the external environment, it is hypothesized that regulated
changes in local heat generation could alter inner ear function. This
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study examined UCP1, UCP2 and UCP3-like immunoreactivity (-LIR)
(Santa Cruz; diluted 1:1000) in rat and primate temporal bones.

Neither UCP1 nor UCP2-LIR was detected in neural or non-neural
tissues of the inner ear. However, UCP3-LIR was clearly observed as
puncta within Scarpa's ganglion cells and vestibular hair cells in the
maculae and cristae. UCP3-LIR was also observed both in spiral
ganglion and cochlear hair cells. The neural UCP3-LIR was co-
localized with a mitochondrial marker, MitoFluorGreen (MFG;
Molecular Probes; 10nM). In the monkey, cochlear tectorial
membraneous limbus was heavily stained with UCP3-LIR. These
results provided the first evidence for a role of mitochondrial UCP3 in
inner ear function. According to previous reports, UCP3 uncouples
oxidative phosphorylation, contributes to free fatty acid degradation and
may be thermogenic or thermoregulatory. Hence, it is suggested that
local thermogenesis by neuronal mitochondrial UCP3 may modulate the
eighth nerve excitability via thermoreceptive mechanisms that also
produce caloric responses.

Supported by ROIDC00739 and Eye & Ear Institute Foundation.

Frequency Responses of the Cetacean Vestibular
Labyrinth

*Timothy E Hullar,Lloyd B Minor Department of Otolaryngology-
HNS, Johns Hopkins School of Medicine, Baltimore, MD

The vestibular labyrinth of whales and dolphins is significantly reduced
compared to land mammals of similar size. The radius of the
semicircular canal in the massive blue whale (Balaenoptera musculus),
for example, is equal in length to that of man despite the whale
outweighing humans one thousand fold. Cetaceans therefore broke with
the long-observed allometric relationship between canal dimensions and
body mass when they re-entered the sea during the Eocene period. This
adaptation has been suggested to have reduced the gain of their
vestibular systems and given them a selective advantage in their aquatic
habitat.

Using ultra-high-resolution computed tomography scans of extant
cetacean tympano-periotic bones, the exact dimensions of the
semicircular canals of cetaceans were measured. The frequency
responses of a variety of cetacean labyrinths were estimated from these
measurements using a torsion-pendulum model of the semicircular
canal. In a small odontocete such as the Atlantic whitesided dolphin
(Lagenorhynchus acutus), the short time constant corresponded to a
frequency of 88 Hz, while the long time constant corresponded to a
frequency of 0.1 Hz. In the much larger sperm whale (Physeter
catodon), the upper frequency was 52 Hz and the lower frequency 0.04
Hz. In comparison, the range in man has been calculated as
approximately 0.02-50 Hz.

These findings imply that cetaceans probably preserved the frequency
response profile of their vestibular system despite returning to the
ocean. Anatomic features, such as a horizontal tail and fused cervical
vertebrae, that distinguish these creatures from other animals may not
have changed the requirements of their vestibular system as
significantly as previously believed.

pH Sensitivity of the Vestibular Endorgans

#*fnrique Soto, Aida Ortega, Francisco Mercado, Hortencia Chavez,
Angélica Almanza, Rosario Vega IF, Universidad Auténoma de
Puebla, Puebla, Mexico

Extracellular pH exerts important regulatory influences in excitable and
non-excitable tissues. In this work, we studied the pH sensitivity of
vestibular endorgans. For this we used the axolotl (Ambystoma
tigrinum) inner ear in three different experimental conditions: 1) in-
vitro vestibular endorgan preparation, 2) isolated semicircular canal hair
cells and 3) isolated afferent neurons from the Scarpa’s ganglion. In the
in-vitro inner ear we studied the electrical activity of the afferent
neurons using a multiunit extracellular recording technique. pH
variations between 5 to 7.4 significantly decreased the resting and
mechanically evoked spike discharge (maximum decrease of 75%). pH
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between 7.4 and 10 significantly increased the spike discharge
(maximum increase of 50%). Data were adjusted by a sigmoid curve
with pH50 = 7.17. To define whether variations of pH are capable of
modifying the afferent neurons response to the hair cell afferent
transmitter, the response to 1 mM NMDA (n = 5) and 100 uM AMPA
(n = 7) were studied at pH 7.4 (control), and at pH of 7.0 and 7.8.
Response to both excitatory amino acid agonists increased at pH 7.8
(41% and 22% respectively) and decreased by perfusion of the
preparation with a saline solution with pH 7.0 (28% in both cases).
Voltage clamp of the isolated hair cells showed that hair cells are
unresponsive to extracellular pH. In contrast, voltage clamp of isolated
afferent neurons showed that extracellular pH acidification evoked a
non-selective (Erev = 0 mV) inward current. These results demonstrate
that the vestibular peripheral system displays a significant sensitivity to
pH changes, which modified the response to the afferent transmitter and
activates a pH sensitive current.

This material is based on work supported by a grant from the University
of California Institute for México and the United States (UC MEXUS)
and the Consejo Nacional de Ciencia y Tecnologia de México
(CONACyT) grant CN-02-70 and grant 35525-N from CONACyT.

Fluid Dynamics of Ground-based and Microgravity
Caloric Tests

#Hohammad Kassemi’, John G. Oas® 'National Center for Microgravity
Research, NASA Glenn Research Center, Cleveland, OH,
%Otolaryngology, Cleveland Clinic Foundation, Cleveland, OH

This paper is concerned with the fluid and structural dynamics of the
lateral semicircular canal system during both 1g and microgravity
caloric stimulations. Robert Barany received the 1914 Nobel prize in
medicine for describing the cupular deflections caused by the
ampullopetal and ampullofugal flows of the hot and cold irrigations in
terms of a buoyancy-driven natural convective mechanism.
Microgravity caloric tests aboard the 1983 SpaceLabl mission produced
nystagmus with an intensity comparable to those elicited during post-
and pre- flight tests, thus contradicting the basic premise of Barany's
convection hypothesis. In this work, we present a finite element
numerical model for the caloric stimulation of the lateral semicircular
canal based on two simultaneous driving forces for the endolymphatic
flow: natural convection driven by the temperature-dependent density
variation in the bulk fluid and expansive convection caused by direct
volumetric displacement of the endolymph during the thermal
irrigation. The two-dimensional fluid-structural model includes a
rigorous two way coupling between the endolymph and the cupula.
Direct numerical simulations indicate that on earth the natural
convection mechanism is dominant. But in the microgravity
environment of orbiting spacecraft where buoyancy effects are
mitigated, the expansive convection becomes the sole mechanism for
producing cupular displacement. A series of transient numerical
simulations are presented to delineate the intricate differences between
the dynamics of 1g natural convection and those of microgravity
expansive convection. The resulting fluid-structural interactions are
analyzed parametrically based on time evolution of cupular
displacements and cupular velocities during microgravity and 1g cold
and hot caloric stimulations.

Origin of Intense Sound Exposure Induced
Hyperactivity in the Dorsal Cochlear Nucleus of Hamsters

*Jinsheng Zhang, James A. Kaltenbach, Jie Wang, Christina Davis
Otolaryngology-HNS, Wayne State University School of
Medicine, Detroit, Michigan

Intense sound exposure, the most common tinnitus inducer, is known to
cause the elevation of spontaneous activity in the dorsal cochlear
nucleus (DCN). This hyperactivity persists after removal of cochlear
input to the DCN (Zacharek et al., 2002). The current study aimed to
determine whether the persistence of hyperactivity relies on inputs from
higher levels of brainstem nuclei. Ten adult hamsters were exposed to a
10 kHz tone to their left ears at 127 dB SPL for 4 hrs. Another 11 age-

Volume 26, 2003



matched unexposed animals served as controls. Thirty to forty days
later, a circumferential transection was performed around the left DCN,
which was to remove the central inputs to the DCN. Spontaneous
activity was recorded on the DCN surface 20-30 min after the
transection. Mean spontaneous rates (SRs) for both groups were plotted
as a function of distance from the lateral margin of the DCN. At the end
of recording, the brain of each animal was processed histologically and
Nissl stained to examine the degree of efferent sectioning. The results
showed that the DCN was separated less than 50% from the brainstem
tissue that underlies the DCN along the dorsoventral axis in 4 control
and 4 exposed animals, but more completely (50% up to 100%) in 7
control and 6 exposed animals. After both partial and more complete
efferent sectioning, SRs of exposed animals were found to be
consistently higher than those from their age-matched controls. The
levels of SRs of control and exposed animals after efferent sectioning
were comparable to those obtained previously from control and exposed
animals in which no efferent sectioning was performed. This suggests
that maintenance of tone exposure induced hyperactivity is independent
of central inputs to the DCN.

Supported by TRC

Relationship between Tinnitus and Hyperactivity in
the Dorsal Cochlear Nucleus following Intense Sound
Exposure

#Mark Ali Zacharek', James A Kaltenbach?, J insheng Zhang', Pamela
R. Falzarano' 'Otolaryngology - Head and Neck Surgery, Wayne
State University School of Medicine, Detroit, M1,
2Otolaryngology - Head and Neck Surgery, Wayne State
University School of Medicine, Detroit, Michigan

Chronic increases in spontaneous multiunit activity (MUA) can be
induced in the dorsal cochlear nucleus (DCN) of hamsters by intense
sound exposure (Kaltenbach and McCaslin, 1996). This hyperactivity
has a similar pattern as activity evoked in the normal DCN by
stimulation with sound (Kaltenbach and Afman, 2000). This suggests
that hyperactivity after intense sound exposure represents a neural code
that could cause animals to hear sound in the absence of an acoustic
stimulus. Indeed, recent behavioral studies have revealed that hamsters
develop tinnitus-like percepts following exposure to the same sound
conditions that cause hyperactivity in the DCN (Heftner and
Harrington, 2002). The goal of the present study was to examine the
degree to which the level of activity in the DCN correlates with the
behavioral evidence for tinnitus. We recorded the level of spontaneous
MUA in the DCN of animals that had previously been tested for tinnitus
using the behavioral methods of Heffner and Harrington, (2002). The
experiments were conducted in two groups of animals, those which had
previously been exposed to intense sound (n=28; 10 kHz, 2-4 hours,
125-130 dB SPL) and those which had not (n=28). The presence of
tinnitus was indicated by low behavioral performance scores and the
absence of tinnitus by high scores. Electrophysiological recordings of
spontaneous MUA were then carried out on the surface of the left DCN
as described previously (Kaltenbach and Afman, 2000). The results
revealed that a) animals testing positive for tinnitus had higher levels of
spontaneous MUA than animals testing negative for tinnitus, and b) the
level of peak activity in the DCN was moderately correlated with the
behavioral performance score on the tinnitus test. These observations
point to an important relationship between hyperactivity in the DCN
following intense sound exposure and the presence of tinnitus.

Response Properties of Neurons in the Frog Auditory
Midbrain During Reversible Unilateral Hearing Loss

#David M. Gooler', Alexander V. Galazyuk® 'Speech and Hearing
Science, University of Illinois, Champaign, IL, “Molecular and
Integrative Phisiology, University of Illinois, Urbana, IL

In a previous study response properties of frog auditory midbrain
neurons were evaluated as a function of acutely reversible, unilateral
conductive hearing loss. Attenuating the input to the ear ipsilateral to
the recording site produced temporary changes in frequency selectivity
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and modified binaural response properties. The present study addressed
the effect of unilateral sensorineural hearing loss on the response
properties of neurons in the auditory midbrain. For this purpose,
sensorineural hearing loss was induced unilaterally using a cryoprobe to
cool the auditory nerve and produce a reversible block of neural
conduction. The advantage of this technique is that response properties
of individual central auditory neurons may be evaluated before, during,
and after temporary hearing loss.

The cryoprobe was constructed from two different sized syringe needles
such that the barrel of one was placed coaxially inside the other with the
tip of the outer sealed. Cooled ethanol was pumped through the central
barrel and exited through a port in the luer region of the outer barrel.
Through a dorsal surgical approach the cryoprobe was positioned just
above the auditory nerve and neural activity of auditory midbrain
neurons was recorded before, during, and after reversible unilateral
hearing loss.

The results of this study indicated that the inactivation of the auditory
nerve was reversible and repeatable. Central auditory neurons revealed
changes in response properties as a result of temporary unilateral
hearing loss and these often reflected differences from properties
determined under monaural intact stimulation.

Effects of Sodium Salicylate on Spontaneous Activity
of Dorsal Cochlear Nucleus Neurons

Kejian Chen, Xiaodan Song, Donald A. Godfrey Otolaryngology,
Medical College of Ohio, Toledo, OH

Tinnitus affects millions of people worldwide. The treatments for
tinnitus have not been very effective because there is a lack of
understanding of its underlying mechanisms. Our previous work found
that, after intense sound exposure (a common tinnitus inducer), there
was an increase of a bursting type of neural activity in the dorsal
cochlear nucleus (DCN) and a decrease of regular activity. Also after
intense sound exposure, the bursting neurons became more sensitive to
carbachol, an acetylcholine agonist.

This study tested another common tinnitus inducer, sodium salicylate,
in an attempt to find a common underlying mechanism related to central
tinnitus.

Young adult Sprague Dawley rats were treated with sodium salicylate
via their drinking water (8 mg/ml), and brain slices were made after
exposure times of 2 days to 5 weeks. The control group consisted of
age-matched rats given normal water. Three types of neuronal
spontaneous activity were recorded from DCN slices: regular, irregular,
and bursting. Comparisons of neuronal activity were made between the
control and salicylate-treated rats. The overall neuronal densities
(units/penetration) were similar between the two groups. However, the
density of bursting activity increased by about 19 % (p<0.03) in the
treated group. Within the treated group, the amount of bursting activity
increased with longer exposure times. The proportion of bursting
neurons, among the three types of neurons, was higher in the treated
group (64 % vs 56 %). The mean firing rate of bursting neurons in the
treated group was 11 % higher than that of controls (p<0.04).

In conclusion, changes of spontaneous activity in the DCN may be a
common underlying mechanism of central tinnitus resulting from a
variety of factors. Further study is underway to test effects of other
tinnitus inducers.

Supported by a grant from the American Tinnitus Association
Is The Dorsal Cochlear Nucleus a Central Source of
Trauma-Induced Tinnitus?

Carol A. Bauer, *7. J. Brozoski, M. Campbell Otolaryngology -
Head & Neck Surgery, SIU School of Medicine, Springfield, IL

A growing body of evidence implies that the dorsal cochlear nucleus
(DCN) plays an important role in tinnitus. We have shown that DCN
fusiform cells, in chinchillas with psychophysical evidence of acoustic-
trauma-induced tinnitus, have elevated levels of spontaneous activity
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and elevated stimulus-driven activity that parallels the psychophysical
features of their tinnitus (Brozoski, Bauer & Caspary, 2002).
Kaltenbach, et al. (2000) have shown elevated DCN multi-unit activity
in hamsters following acoustic trauma. The DCN however, has not been
shown to play a necessary role in causing tinnitus, since the evidence to
date is associational.

To test the hypothesis that elevated DCN activity causes or significantly
contributes to tinnitus, the DCN of rats with psychophysical evidence of
tinnitus, was lesioned. If the DCN plays a necessary role in tinnitus,
lesioning the DCN should decrease tinnitus in subjects previously
shown to have tinnitus.

To induce tinnitus, rats were unilaterally exposed once, for 60 min, to
octave-band noise, 110 db (SPL) peak, centered at 16 kHz. After the
exposed rats were shown to have psychophysical evidence of tinnitus,
using the method of Bauer & Brozoski (2001), rats with and without
evidence of tinnitus were given either ipsilateral or bilateral DCN
lesions, sham lesions, or control lesions of equal volume in a non-
auditory area.

Ipsilateral DCN lesions did NOT significantly decrease the
psychophysical evidence of tinnitus, compared to appropriate controls,
and bilateral DCN lesions appeared to INCREASE the evidence of
tinnitus. Although the DCN may play an important role in tinnitus, that
role has yet to be defined and may be one of active suppression of
tinnitus arising from a source other than the DCN

Effects of Conductive Hearing Loss on Unit Responses
in the Ventral Cochlear Nucleus.

#Christian J Sumner’, Debara L. Tucci?, Susan E Shore!
1Otolaryngolog,ry, University of Michigan, Ann Arbor, MI,
2O'[olaryngology - HNS, Duke University Medical Center,
Durham, North Carolina

This study investigated physiologic changes in the ventral cochlear
nucleus (VCN) of guinea pigs resulting from conductive hearing loss
(CHL). Based on findings of changes in oxidative metabolism in the
CN contralateral to ossicular disruption (Tucci et al.,, J Assoc. Res.
Otolaryngol. 2002:89-106), alterations in the function of the
commissural CN pathway were anticipated.

Unit responses were recorded from the ipsilateral VCN after conductive
hearing loss (CHL) was induced by ossicular disruption. Responses
were obtained from animals immediately (control), 1 day, 1 week and 2
weeks post surgery. Multichannel electrodes enabled data collection
from a large number of units in response to ipsilateral and contralateral
sound stimulation.

Thresholds to ipsilateral sound stimulation were elevated 40-50 dB in
CHL animals. In response to contralateral broadband noise (BBN),
CHL units showed inhibitory responses similar to those in normal
control animals (Shore et al,, In: Central Auditory Processing —
Integration with other systems. Ascona, 2002). Thresholds for
inhibition ranged from 40-65 dB SPL. In contrast, in CHL animals at 1
day and greater, excitatory responses to contralateral BBN that could
not be acoustic crossover were more common than in normal animals.
Thresholds were as much as 30 dB below ipsilateral thresholds. In
normal hearing animals excitation usually occurred at higher levels.
However, a few high-threshold units in normal animals also exhibited
contralateral excitation at levels below their ipsilateral threshold. These
preliminary data suggest that CHL may result in alterations in the
sensitivity of excitatory synapses and/or dysinhibition of VCN neurons.

Tonotopic Nucleus Magnocellularis Neuron Loss
Following Cochlear Ablation

*Debra L. Park, Douglas A. Girod, Dianne Durham Otolaryngology-
Head and Neck Surgery, University of Kansas Medical Center,
Kansas City, KS

Previous studies have shown that neurons in chicken Nucleus
Magnocellularis (NM) are heavily dependent on excitatory afferent
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input from cochlear hair cells. These neurons suffer from
deafferentation and 20-40% die following cochlear ablation. The goal
of the current study is to examine whether tonotopic differences exist in
the percentage of NM neurons that die following cochlear ablation.

Chickens (P14) received unilateral cochlear removals and survived for 7
days. At sacrifice, chickens were perfused and the brains removed and
frozen. Coronal sections (16 microns) were cut through NM and
stained for cytochrome oxidase (1 in 2 series). Ipsilateral and
contralateral profile counts of NM neurons were performed and NM
neuronal percent loss (ipsilateral vs. contralateral) was calculated for
each tonotopic quartile (rostral to caudal through NM).

For the entire nucleus, results reveal similar percent loss (35%) as
previous studies report. However, when NM is divided into tonotopic
quartiles, the percent loss differs. There is greater percent loss in the
rostral, high frequency quartiles of NM compared to the caudal, low
frequency quartiles. These data indicate that removing all excitatory
afferent input affects the neurons differently depending on their
tonotopic location within Nucleus Magnocellularis.  Rostral, high
frequency NM neurons suffer more neuronal death than caudal, low
frequency NM neurons following cochlear ablation.

Active Caspase-9 Immunoreactivity in the Avian
Cochlear Nucleus Following Deafferentaton

#Richard L. Hyson, Brandy L. Wilkinson Psychology, Florida State
University, Tallahassee, FL

Afferent activity has been shown to be crucial for neuronal survival in a
variety of developing sensory systems. For example, elimination of
auditory nerve activity in the chick results in the death of approximately
30% of the neurons in the cochlear nucleus, nucleus magnocelluaris
(NM). Several morphological and metabolic correlates of cell death
have been identified in dying NM neurons within hours after
deafferentation, but the molecular cascade of events leading towards the
ultimate degeneration of deprived NM neurons are unknown. A
molecular event that commonly occurs during cell death in other model
systems is the activation of proteolytic enzymes known as caspases. The
present study examined possible caspase activation in NM neurons
following deafferentation.

Activation of caspase-9 was examined at various times following
cochlea ablation using an antibody specific to the cleaved (active) form
of this enzyme. Cochlea ablation surgery was performed unilaterally in
order to compare intact and deafferented NM neurons in the same tissue
sections. Immunoreactivity for active caspase-9 was observed in the
ipsilateral NM neurons within 3h following cochlea ablation. This
immunolabeling was observed up to 24h following surgery, but was not
observed 4 days following surgery, a time point after a subpopulation of
NM neurons have degenerated. Unexpectedly, the increased
immunolabeling for active caspase-9 did not appear to be restricted to a
sub-population of deafferented neurons. This suggests that competing
cell death and cell survival mechanisms must work downstream of
caspase activation to regulate cell death in NM neurons.

Supported by NIDCD Grants RO1 DC00858 and F31 DC05123

Cochlear Ablation Induced Signaling Through ERK
And SAPK Transduction Pathways In Auditory Nuclei

*Sanoj K. Suneja, Steven J. Potashner Neuroscience, Univ.
Connecticut Health Center, Farmington, CT

In adult brain auditory pathways, unilateral cochlear ablation (UCA)
induced degeneration of the cochlear nerve, rearrangements of synaptic
contacts, changes in transmitter release and regulation of synaptic
receptor activity. These changes may reflect altered regulatory
mechanisms and/or gene expression stemming from transduction of
signals that emerge after UCA. To test this idea, we determined if UCA
in adult guinea pigs induced signal transduction through the
extracellular signal-regulated kinase (ERK) and the stress-activated
protein kinase (SAPK) pathways. Using Western blots, we measured
phosphorylated ERK1 (ERK1-P), ERK2 (ERK2-P), p46 and p54 SAPK
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(SAPK-P) and c-Jun (c-Jun-P) in tissue lysates of the anteroventral
(AVCN), posteroventral (PVCN) and dorsal (DCN) cochlear nucleus,
lateral and medial superior olive, medial nucleus of the trapezoid body
and inferior colliculus for up to 145 postablation days. Since cytosolic
ERK1-P, ERK2-P and SAPK-P can enter the nucleus to activate
transcription factors, we determined the cellular localization of these
proteins immunohistochemically. In most tissues, ERK1-P and ERK2-P
were elevated at 7 and 145 postablation days and depressed at 30 and/or
60 days. Also, ERK1-P and ERK2-P were elevated at 3 days in the
AVCN and PVCN. After 5 days, most ERK1-P and ERK2-P in the CN
was mainly in neuronal nuclei. Only minor changes were evident in
total ERK1 and ERK2 at all postablation times. Several correlations
were evident between previously observed postablation plasticities and
the changes in ERK1-P and ERK2-P. These findings suggest that
signaling through the ERK pathway may effect changes in regulatory
mechanisms and/or gene expression that contribute to the plasticities
induced by UCA. In contrast, concomitant elevation of SAPK-P and c-
Jun-P was not evident, except in the DCN at 3 postablation days, where
most SAPK-P was localized in the molecular layer. Since few, if any,
correlations could be made to previously observed postablation
plasticities, such changes were unlikely to have been induced by
transduction through the SAPK pathway.

Supported by NIDCD grant DC00199

PKA And CaMKII Regulate D-[3 H]Aspartate Release
In The Auditory Brain Stem Nuclei After Unilateral
Cochlear Ablation

Jenny Zhang, Sanoj K. Suneja, *Steven J. Potashner Neuroscience,
Univ. Connecticut Health Center, Farmington, CT

Unilateral cochlear ablation (UCA) in adult guinea pigs altered
transmitter release from glutamatergic terminals in auditory nuclei (Exp
Neurol 148: 222, 1997). This may reflect altered excitation or trophic
support transduced in neurons by signaling cascades that use protein
kinases to regulate transmitter release. Since protein kinase C (Exp
Neurol 175: 245, 2002) and protein kinase A (PKA) (ARO Abs 25: 207,
2002) regulate transmitter release in auditory pathways of intact
animals, we determined if regulation by PKA and calcium/calmodulin-
dependent protein kinase II (CaMKII) influenced release from
glutamatergic terminals after UCA. The evoked release of D-
[*H]aspartate was quantified 7 and 145 days after UCA in samples of
the dorsal (DCN), posteroventral (PVCN) and anteroventral (AVCN)
cochlear nucleus, lateral (LSO) and medial (MSO) superior olive, and
medial nucleus of the trapezoid body (MNTB). One week after UCA,
0.2 mM dibutyryl-cAMP, a PKA activator, elevated the evoked release.
Thus, after UCA, PKA still regulated glutamatergic release. Twenty
weeks after UCA, 2 uM H-89, a PKA inihibitor, depressed the evoked
release in the LSO and the ipsilateral AVCN, PVCN and MSO.
Similarly, 4 uM KN-93, a CaMKII inhibitor, depressed the release in
the LSO and the ipsilateral MSO. These findings suggest that both PKA
and CaMKII maintain upregulation of the postablation release in the
LSO and the ipsilateral MSO, while PKA also maintains upregulation
of the postablation release in the ipsilateral AVCN and PVCN. Both H-
89 and KN-93 also elevated the postablation release in the MNTB and
the contralateral MSO, implying that both PKA and CaMKII exert
downregulatory influences on the postablation release in these nuclei.
These findings imply that after UCA, regulation of PKA and CaMKII
helps to control the level of release from several glutamatergic
pathways in the auditory brain stem.

Supported by NIDCD grant DC00199
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@ Effects of Hearing Loss on the Large End Bulb of
Held Synapse in the Ventral Cochlear Nucleus of the Mouse

*Yong Wang', Kelly Mitchell?, Paul Manis® lDept of Otolaryngology,
UNC-Chapel Hl, Chapel Hill, “Otolarygology, UNC-Chapel HIl,
Chapel Hill

The synaptic property of neurons in the cochlear nucleus in response to
ongoing hearing loss has not been well studied. In this report, we used
mouse strains that either show early onset of hearing loss (DBA/2J), or
show no hearing loss in their adult life (CBA/Cal) to address this issue.
We took advantage of the fact that "naturally" occurring presbycusus in
DBA mice shows a pattern of progressive worsening from high to low
frequencies, thus allowing direct comparison of neuronal properties
from "deafened" high frequency regions to those from "hearing" low
frequency regions. Cochlear nucleus slices were prepared from 18 to 69
day old DBA and CBA mice. Whole cell patch clamp recordings were
made in visually identified anterior ventral cochlear nucleus (AVCN)
neurons from both high and low frequency regions.

Two populations of cells were distinguished: those with repetitive firing
of action potentials with regular interspike intervals (type I) and those
with rectifying subthreshold current-voltage relationships and phasic
firing of 1-2 action potentials (type II). Type II responses in AVCN are
derived from bushy cells. We found that miniEPSCs from type II cells
in high frequency regions of older DBA mice have a significantly
smaller amplitude and slower decay time constant compared to those
miniEPSCs from cells in the same frequency regions of young DBA.
Furthermore, mEPSC event frequency was significantly decreased in
old DBA mice. In contrast, miniEPSC analysis from healthy hearing
CBA mice (either old or young) showed no statistically significant
difference in mEPSC properties. Interestingly, the measurements from
CBA type II cells were largely comparable to those of high frequency
cells in young DBA as well as to those cells from low frequency regions
in old DBA mice. These results suggest that there may be a systematic
change of AMPA receptor composition that is associated with age-
related hearing loss. Our preliminary data of RT-PCR analysis has
indicated that there is an elevated expression of GlutR2 in the hearing-
impaired old DBA mice.

Supported by NIDCD grants RO1DC04551 and F32DC004909

@I Deafness Related Changes in Glycine-Immunoreactive
Staining in the Rat Cochlear Nucleus

*UIKTYA ASAKO, Avril G. Holt, Ronald D. Griffith, Eric D. Buras,
Richard A. Altschuler Kresge Hearing Research
Institute/Otolaryngology, University of Michigan, Ann Arbor, MI

There is increasing evidence that prolonged loss of activity in auditory
brainstem pathways results in decreased inhibition and/or increased
spontaneous activity in auditory brainstem neurons. Glycine is a major
auditory brainstem inhibitory neurotransmitter and can exert strong
control over the discharge of many auditory neurons through numerous
axo-somatic endings. We used postembedding immunocytochemistry
(ICC) to determine if there are changes in glycine immunoreactive (IR)
puncta in the cochlear nucleus (CN) 14 days following deafness.
Deafness was achieved by intrascalar injection of neomycin through the
round window. An ABR threshold shift of greater than 80 dB across
three frequencies was necessary for inclusion in the study. Deafened
animals (14 days post-deafening) and age-matched normal control
animals were perfused with fixative and sections through the CN were
embedded in plastic. Comparable regions through the ventral and
dorsal cochlear nucleus were identified based on anatomical landmarks.
Post-embedding immunoperoxidase staining using an antibody to
glycine was carried out with one micron sections from control and
experimental animals processed together. Digital images of regions of
interest, defined by pre-determined anatomical criteria, were acquired
from each immunostained section using a Spot camera with MetaMorph
(Universal Imaging) image acquisition software. Metamorph image
analysis software was then used to determine the number and density of
glycine IR puncta on the somata of defined cell types. The CN from
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normal animals contained a large number of glycine IR axosomatic
puncta on many cell types including bushy cells, multipolar stellate
cells and fusiform cells. A significant decrease in the total number and
density of glycine IR puncta on bushy, multipolar stellate and fusiform
cell somata was found in the CN of deafened animals when compared to
normal hearing controls.

Supported by NIH/NIDCD DC00383 & DC00479

@l Deafness Related Changes in Glycine
Immunoreactivity in the Rat Superior Paraolivary Nucleus

*Eric D. Buras, Ronald D. Griffith, MIKIYA ASAKO, Avril G. Holt,
Richard A. Altschuler Kresge Hearing Research
Institute/Otolaryngology, University of Michigan, Ann Arbor, MI

Inhibitory neurotransmitters undergo substantial changes in the auditory
pathways following elimination of ascending excitatory input. In the
current study, we used immunocytochemistry (ICC) to examine
deafness-induced changes in glycine immunoreactive (IR) staining in
the rat superior paraolivary nucleus (SPON). Rats were deafened by
intrascalar infusion of neomycin with an 80dB shift in ABR necessary
for inclusion in the study. Deafened animals (14 days post deafening)
and normal-hearing, age-matched controls were perfused with fixative
and vibratome sections through the auditory brain stem were embedded
in plastic. Using an antibody to glycine, ICC was performed on 1
micron plastic sections from deafened and normal hearing animals.
Regions of interest were defined using anatomical landmarks and digital
images of these regions were acquired and assessed for the number,
shape and optical density of glycine IR somata and puncta, using
MetaMorph software. The number of glycine IR axosomatic puncta on
SPON principal neurons was found to decrease 30% with respect to
normal hearing controls. The decrease in puncta number is likely the
result of decreased glycine production in one or more of the nuclei that
project to the SPON. There could be a partial decrease in the major
glycinergic input, the medial nucleus of the trapezoid body (MNTB), or
a more substantial decrease in a smaller glycinergic input, such as the
lateral nucleus of the trapezoid body (LNTB). Given that there was an
almost numerically identical decrease in GABA-IR puncta on SPON
principal cells and the LNTB output is believed to be GABA/glycine
while the MNTB is glycine only, we examined changes in the intensity
of glycine IR somata in the MNTB and LNTB. As expected,
densitometric evaluation indicated a much more substantial change in
LNTB, suggesting this may make an important contribution to the
deafness related decrease observed in SPON puncta.

Supported by NIH/NIDCD DC00383 & DC00479

Novel Gene Expressed in the Auditory Brainstem of
Mice with Hearing Deficit: a Study with cDNA Subtractive
Hybridization

#Yumi Munemoto', Takeshi Houtani?, Teizo Ueyamaz, Masahiko Kase?,
Satoru Sakuma®, Toshio Yamashita' 'Otolaryngology, Kansai
Medical University, Moriguchi city, Japan, 2Anatomy and Brain
Science, Kansai Medical University, Moriguchi city, Japan

Hearing deficit by mechanical cochlear damage, intense noise or
ototoxic drugs produces a variety of structural and functional changes in
the auditory brainstem, and also these changes may involve expression
of novel genes in the auditory pathway. In the present study, we
identified novel gene expression in the auditory brainstem of mice with
hearing deficit using cDNA subtractive hybridization. Hearing deficit
was achieved by malleus removal bilaterally through ear canals. A total
of 100 forward subtracted clones were obtained from hearing deficit
cDNAs subtracted by normal hearing ability cDNAs, and 80 reverse
subtracted clones were also obtained. These 180 clones were screened
with dot hybridization to identify differentially expressing clones. A
total of 27 clones were identified as differentially expressing, and all of
them were sequenced. We identified 13 unknown cDNA fragments by
the BLAST search. In situ hybridization of brainstem slices between
mice with hearing dificit and those with normal hearing ability was
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carried out using Digoxigenin-labeled RNA probes for these 13
unknown cDNAs. These hybridized slices were compared for
differentially expressing mRNA in the auditory brainstem. We obtained
a novel gene which shows differential expression of mRNA in the
lateral superior olive. The results suggest the presence of a novel gene
in the auditory brainstem closely associated with the alteration of
hearing ability.

@ Changes In Calretinin-Immunostaining In The
Superior Olivary Complex In Ferrets Reared With
Unilateral Cochlear Ablation

#*Juan Carlos Alvarado, Veronica Fuentes-Santamaria, Judy K.
Brunso-Bechtold, Craig K. Henkel Department of Neurobiology
& Anatomy, Wake Forest University School of Medicine,
Winston-Salem, NC

Calretinin (CR) expression has been described in specific cell types in
auditory nuclei. In this study, we used semiquantitative image analysis
to assess changes in CR-immunostained circuits in the lateral (LSO) and
medial (MSO) superior olivary nuclei after ferrets were reared for two
months with unilateral cochlear ablation. Cochlear ablation was
performed in ferrets 30-40 days of age, soon after hearing onset, to
avoid direct effects on developing synaptic circuits. There was a
decrease in the mean optical density of CR-immunostaining throughout
the entire LSO ipsilaterally and MSO bilaterally compared to
unoperated controls. In addition, cochlear ablation resulted in a
significant decrease in the mean cross-sectional area of CR-
immunoreactivity within neurons in the lateral but not medial limb of
the ipsilateral LSO. This decrease was present in comparison to both the
contralateral LSO and the LSO in controls. However, the mean optical
density of CR-immunoreactive cells in the medial limb of ipsilateral
LSO was significantly less in the cochlear ablated than in the control
animals. In MSO, there was no difference in either the mean optical
density of CR- immunostained cells or in the mean cross-sectional area
of CR-immunoreactivity within those neurons between operated and
unoperated groups. Finally, using synaptophysin as a synaptic marker,
there were no differences in the mean optical density of labeled
terminals for either the LSO or the MSO as a function of cochlear
ablation. Thus, cochlear ablation appears to result in a decrease in CR
expression in the superior olivary complex in the absence of a decrease
in synaptic innervation.

Changes In Calretinin-Immunostaining In The
Cochlear Nuclei Complex In Ferrets Reared With Unilateral
Cochlear Ablation

*Veronica Fuentes—Santamaria, Juan Carlos Alvarado, Judy K.
Brunso-Bechtold, Craig K. Henkel Department of Neurobiology
& Anatomy, Wake Forest University School of Medicine,
Winston-Salem, NC

Calretinin (CR) is a calcium-binding protein expressed in specific cell
types of mammalian auditory brainstem nuclei. The mature distribution
of this protein is present by hearing onset. To test if early hearing loss
results in changes in CR expression in the cochlear nuclei, unilateral
cochlear ablations were performed in ferrets soon after hearing onset
(P30-P40) and CR-immunoreactivity was analyzed in the cochlear
nucleus two months later. In comparison with control animals and
contralateral cochlear nucleus, cochlear ablation resulted in a significant
decrease in the mean optical density of CR-immunostaining throughout
the ipsilateral anteroventral (AVCN) and posteroventral (PVCN)
cochlear nuclei but not in the dorsal cochlear nucleus (DCN). Further
analysis revealed that this decrease is due to a significant decrease in the
mean cross-sectional area of CR-immunostaining within AVCN and
PVCN neurons. However, the mean optical density within neurons is
unchanged in operated animals suggesting that the decrease in overall
optical density is due to a decline in CR in the neuropil of AVCN and
PVCN. To further assess changes in the neuropil due to the cochlear
ablation, synaptophysin-immunoreactivity was quantified. Results using
this synaptic marker revealed a significant increase in the mean optical
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density of labeled terminals in both the AVCN and PVCN ipsilateral to
the cochlear ablation. These results are consistent with a decrease in the
CR-expression and a new growth of synaptic endings.

Opportunistic Infections in Vestibulo-Auditory
Pathways in AIDS

#Cecilia Canto', Elizabeth Keithley® 'Otolaryngology/HNS,
University of California, San Diego, La Jolla, CA,
?Otolaryngology/HNS, University of California, San Diego, LA
JOLLA, CA

The incidence of hearing and vestibular disease is higher in HIV+
patients than in an age-matched, general population. The etiology of the
symptoms is unknown, but may be related to opportunistic infections.

We evaluated 16 temporal bones and 9 brain stems collected at autopsy
from AIDS patients. Tissues were paraffin embedded and immuno-
stained to detect viral proteins and inflammatory cells using antibodies
against herpes simplex virus (HSV) types 1 and 2, cytomegalovirus
(CMV) and leukocyte common antigen (CD-45). Positive control tissue
included samples with known infection and lymph nodes. Negative
control tissue included 8 temporal bones and 7 brainstems from non-
HIV infected individuals. Sections of each were run with each assay.

No virus was detected in any temporal bones from HIV+ individuals.
Inflammatory (LCA+) cells, however, were present in the scala tympani
and spiral ligament of 2 cochleas. Leukocytic infiltration was present
(abundant to moderate) in the modiolus of 10 cochleas. Inflammatory
cells were also present in the VIIIth nerve in 9 of the HIV+ temporal
bones, being severe in 2 cases. A few isolated leukocytes were present
in the modiolus in 2 of the control cochleas, but no inflammatory cells
were seen in the scalae or spiral ligament. HSV infection of cells in the
floor of the fourth ventricle, including the vestibular nuclei was seen in
1 HIV+ brainstem. Another had CMV+ cells scattered in the periphery
of the brainstem. LCA+ cells were present in both HIV+ and control
brainstems.

The incidence of CMV and HSV infection of the temporal bone is not
higher in our sample of AIDS patients. However, 63% of the temporal
bones showed inflammatory infiltration suggesting the presence of other
pathogens in these tissues. CMV and HSV infection were more frequent
in brain stems of HIV patients than controls.

Support: NIDCD R0OI DC04268; Medical Research Service, Dept. of
Veterans Affairs

Effect of Tea on Acoustic Reflex Thresholds

*Vishakha W, Rawool’, Anita Bhandarkar’ 'Communication Sciences
and Disorders, Southwest Missouri State University, Springfield,
MO, 272-4B Winding Wood Dr, Private practice, Sayreville, NJ
08872

Consumption of black tea has been found to cause inhibition of iron
absorption. Some investigators have suggested that consumption of tea
may constitute an important factor for the development of iron
deficiency anemia in some countries. Other experiments have suggested
that sensorineural hearing loss in some cases may be related to iron
deficiencies. The reported cochlear histopathological changes induced
by iron deficiency are strial atrophy and reduction of spiral ganglion
cells. In addition, it appears that noise induced hearing loss may be
worse in iron deficient animals. The average consumption of tannin is
400 mg/d in an American diet and is estimated to be about 2500 mg/d in
the diet of individuals from India. Asian Indian Americans are known to
consume black tea on a daily basis. The population included in this
study consisted of Asian Indian Americans with normal middle ear
status and hearing within normal limits. Acoustic reflex thresholds were
monitored to track changes that may occur following the consumption
of black tea. Ipsilateral acoustic reflex thresholds were obtained from 15
male and 15 female participants before and 30 minutes after the
consumption of warm black tea. The tea was prepared by boiling 4 ml
of black tea in 300 ml of boiled water. 4 ml of sugar was added to the
tea for test. The thresholds were obtained bilaterally; with 0.5 and 1
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kHz activator tones and a 226 Hz probe tone. The MANOVA showed a
significant (p = 0.007) difference between pre and post tea acoustic
reflex thresholds. The acoustic reflex thresholds were slightly elevated
following the consumption of black tea. Possible implications of these
findings will be discussed.

Binaural Interaction Components. Their Possible
Origin in Rat Auditory Brainstem Response

#Mohammad Habiby Kermany,Kianoush Sheykholeslami, Kimitaka
Kaga Otolaryngology, The University of Tokyo, Tokyo, Japan

Binaural interaction component of the auditory brainstem evoked
response originally described as the difference waveform elicited by
subsequently subtracting the sum of the two monaurally evoked
potentials from the binaurally evoked potentials of the auditory brain
stem response. The amplitude of the summed monaural potential is
usually found to be larger than the binaural response, whereas the
binaural interaction component has an inverted polarity compared to the
binaural response. The binaural interaction component is thought to
reflect the activity of neural units in auditory pathway responding
specifically to binaural stimulation. It has been demonstrated that
binaural interaction in the brainstem nuclei is reflected in certain waves
of the ABR. In this study, binaural interaction component was recorded
between the skull and non-cephalic reference from Wister rats before
and after making discrete lesions of the auditory pathway in the
midbrain and pons. The control binaural interaction component
waveform was shown with six negative peaks nl~n6. In mid collicular
section there was amplitude decrease of n6. Also 0.4 n4, 0.5 nS & 0.5
n6 were latent. In bilateral collicular resection, there was amplitude
decrease for n5 & n6. Also peak latencies of 0.6 n4, 0.8 n5, 1.1 n6 were
latent. In mid olivary complex section n5 & n6 were abolished and n4
was 1.0 ms latent. In resection of lateral superior olive the n4 was
abolished and the amplitude of n3 decreased. Also 0.6 n2 & 1.1 n3 were
latent. The result interpreting that each part of the binaural interaction
component arises from a focal region of the brain stem auditory
pathway and that the peaks n4, n5 & n6 are dependent upon the crossing
fibers, but peaks nl, n2 & n3 are not dependent on these projections.
Also the result indicates that binaural interaction component is not
totally dependent on Superior olivary complex and supra olivary
portions of the auditory pathway.

Quantification of Binaural Interaction by Behavioral
and Auditoray Brainstem Response

#David C Bloom', Derin Wester', Mike Buckley', Michael Hoffer',
Peter Weisskopf® 'Otolaryngology, Naval Medical Center San
Diego, San Diego, Ca, “Otolaryngology, Naval Hospital
Yokosuka, Yokosuka, Japan

Binaural hearing is advantageous for sound localization, speech
recognition and binaural summation for pure tone and speech.
However, the point at which individuals lose binaural interaction has
not been well quantified. In this study, we examined the auditory
brainstem evoked responses (ABRs) in individuals with simulated
hearing loss as a means to determine the threshold at which binaural
interaction is lost. A baseline physical examination, tympanogram,
audiogram, otoacoustic emission and ABRs were obtained in 22 normal
hearing individuals. A gradually increasing conductive hearing loss of
10 db, 15 db, 20 db and 30 db were created by placement of biologically
calibrated packing material in the external auditory canal. ABRs will be
used to establish when binaural interaction is lost. The ABR waveforms
were added to determine when binaural interaction is lost and has
implications in the surgical decision making for patients with hearing
loss. The Results will be discussed.
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The Human Frequency-Following Response:
Correlates of the Binaural Masking Level Difference

#James Wilson, Ananthanarayan Krishnan Audiology and Speech
Sciences, Purdue University, 1353 Heavilon Hall, West
Lafayette, IN 47906

The masking level difference (MLD) is the threshold difference
between in-phase, low frequency binaural tones and masker (SoNo) to
threshold for an antiphasic condition with a 180 degree interaural phase
delay (IPD) of either the signal (SpiNo) or the masker (SoNpi).
Threshold disparity is partially related to ‘coincidence-detecting’ units
in the medial superior olive (MSO) in the caudal brainstem that
integrates monaural input. MSO units have a characteristic delay
whereby discharge rate is modulated by the IPD of the stimulus.
Recently, Jiang et al (1997) recorded masking release in discharge
patterns of low frequency inferior colliculus units with characteristic
delays equal to 0 or 180 degrees IPD for 500 Hz stimuli. Kevanishvilli
et al (1987) recorded the auditory brainstem response (ABR), middle
latency, and late latency response (LLR) with 580 Hz SoNo and SpiNo
stimuli. Significant latency and amplitude differences were found for
only the LLR. One explanation for insignificant ABR results might be
that onset activity mediates physiologic release at the caudal brainstem
level to a lesser extent than phase locked activity. The human
frequency-following response (FFR) is an early-latency evoked
potential representing the activity of phase locking neural units in the
brainstem to low frequency stimuli. FFRs were recorded from ten
normal hearing subjects with 500 Hz tone bursts using a 1.5 kHz low-
pass masker. Most subjects showed no FFR masking when the
perceptual masker level was used even though perceptual release was
present. At higher masker levels that reduced the unmasked FFR
amplitude by approximately 50%, release was present in the antiphasic
conditions by an increase in the 500 Hz FFR amplitude re: SoNo.
These results support that phase locked neural activity mediates the
MLD at lower brainstem levels.

Jiang et al. (1997) J. Neurophysiol. 77: 3085
Kevanishvili (1987) Scan Audiol. 16: 3

Binaural Auditory Evoked Potentials With Virtual
Acoustics

*Dirk Junius, Helmut Riedel, Birger Kollmeier Medizinische Physik,
Universitit Oldenburg, D-26111 Oldenburg, Germany

The binaural difference potential (BD) is commonly regarded as neural
correlate for binaural processing. It is calculated as the difference
between binaural and summed monaural auditory brain stem responses
(ABRs). Previous studies used click stimuli with "artificial" binaural
differences, i.e., fixed interaural time and level differences. In this work,
instead of the click an optimized chirp was used, designed to
compensate for basilar membrane dispersion resulting in a significantly
larger ABR wave-V amplitude (Dau et al., 2000, J. Acoust. Soc. Am.
107(3) 1530-1540). The chirp was presented with "natural" binaural
differences, i.e., convolved with individual head- related transfer
functions (HRTFs). Eight virtual directions in the horizontal plane with
45° angular spacing were chosen for this study. In addition, the
unconvolved "pure" chirp was presented diotically as a reference
condition. ABR were recorded from 32 scalp electrodes. In contrast to
stimuli with artificial binaural differences, the "natural" spatial stimuli
result in a perceived object outside the subject's head (externalization).
The BD shows a systematic dependence on the laterality of the virtual
sound source. The latency of BD wave DN1 increases monotically with
laterality. The BD is largest for central (front, back, diotic) and smaller
for lateral directions. This is in accordance with results from click
stimuli with "artificial" binaural differences (Riedel et al., 2002, Hear.
Res. 163 (1-2), 12-26). Differences between frontal and backward
directions are mostly not significant. The results indicate that at the
level of the brain stem mainly lateralization is extracted. Spectral cues
are presumably processed on cortical levels of the auditory pathway.
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Evaluation of the Input/ Output Function and the
Effect of Contralateral Acoustic Stimulation on the
Frequency Following Response- Distortion Product at 2f1-f2

#nanthanarayan Krishnan', Hala Elsisy® 'Audiology and Speech
Sciences, Purdue University, 1353 Heavilon Hall, West
Lafayette, IN 47906, *Audiology & Speech Sciences, Purdue
University, 1353 Heavilon Hall, West Lafayette, IN 47907

Distortion product otoacoustic emissions (DPOAE) measured clinically
in the ear canal present a non-invasive tool to assess the functional
integrity of the cochlea. However, recording DPOAE at frequencies
below 1000 Hz is difficult technically due to the effect of physiological
and ambient noise. The aim of this study is to evaluate the brainstem
frequency following response ?distortion products (FFR-DP) measured
with scalp electrodes, as a non-invasive technique to overcome the
DPOAE test limitations. The effect of changing the stimulus level on
the amplitudes of the cubic difference tone (2f1-f2) was examined by
simultaneously recording the DPOAE and the FFR-DP to a low
frequency stimulus complex (F1= 500 Hz, F2= 610 Hz) in 10 normal
hearing adults. The stimulus levels ranged between L1= 40 ?70 dB nHL
with L2 = L1-5 dB, and the F2/F1 ratio= 1.22 The effect of contralateral
acoustic stimulation on the FFR-DP was also investigated and
compared to that of the simultaneously recorded DPOAE in 10 normal
hearing adults. The stimulus complex (F1= 500 Hz, F2= 610 Hz) was
used at L1= 50, L2= 45 dBnHL. Three different types of noise were
used for contralateral stimulation; a broad band noise (50-8000 Hz) and
two narrow band noises centered around frequencies equal to 2f1-f2 and
f2 respectively. The results revealed differences in the input/ output
functions for the DPOAE and the FFR-DP responses, presumably
reflecting different degrees of contributions from the two sources
generating distortion products in the cochlea. Also, the FFR-DP was
consistently more repeatable and less variable than the DPOAE at all
stimulus levels. These findings suggest that the FFR technique can be
useful in evaluating cochlear function at low stimulus frequencies.

Searching for the Optimal Stimulus Eliciting Auditory
Brainstem Responses in Humans.

*0]iver Wegner, Torsten Dau Department of Physics, Medizinische
Physik, Oldenburg, Germany

This study examines auditory brainstem responses (ABR) elicited by
rising frequency chirps. A new chirp stimulus was developed that is
based on estimates of human basilar membrane (BM) group delay
derived from stimulus-frequency otoacoustic emissions (SFOAE) at a
level of 40 dB SPL (Shera and Guinan, 2000). The chirp was designed
such as to compensate for BM group-delay differences across
frequency, in order to maximize neural synchrony at cochlear level.
Chirp-evoked responses were compared with click responses and with
responses to the "original" chirp stimulus as defined by Dau et al
(2000) on the basis of a (linear) cochlea model. Our hypothesis was
that, at low stimulation levels, the new chirp should produce a better
synchronization than the original chirp, while at high levels, the original
chirp should be more efficient since it is based on high-level BM data.
In an additional experiment, ABR were also recorded for a set of level-
dependent chirps that were developed on the basis of wave-V latency
data by Neely et al. (1988) obtained for tone pulse stimuli. Overall,
wave-V amplitude for the various chirp stimuli was always larger than
that for the click. However, there was surprisingly little difference
between the results for the different chirps. It seems sufficient to only
roughly match the (inverse) delay-line characteristic of the cochlea;
further "fine tuning" of the stimulus parameters does not have much
effect, at least as long as average data are considered.
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Auditory Brainstem and Frequency Following
Response measurements in children with Specific Language
Impairment

Ananthanarayan Krishnan', Christine Weber-Fox?, *Madhavi Lata
Chelluri® 'Audiology and Speech Sciences, Purdue University,
West Lafayette, IN, 2Audiology and speech sciences, Purdue
University, West Lafayette, In, *Audiology and Speech Sciences,
Purdue University, West Lafayette, In

Specific language impairment (SLI) is a developmental language
disorder in which children demonstrate varying degrees of difficulties in
acquiring spoken language. Numerous hypotheses have been postulated
to explain the cause of specific language impairment. One such
hypothesis is that SLI results from inefficient processing of rapidly
presented auditory signals. The aim of this study is to evaluate the
physiological responses to rapidly presented auditory stimuli in children
with SLI and compare these responses to those obtained in children
with normal language development. Auditory brainstem responses were
measured to clicks presented at low and high rates (21.1/sec and
71.1/sec). Frequency-following responses (FFR) were obtained to tone
bursts presented at the same low and high rates and also to tonal glides
with different sweep rate (1333.33, 2666.67, 3999.99, 5333.32 and
6666.65 Hz/s). The stimulus levels ranged between 40-60 dBnHL.
Preliminary results indicates that the adaptive effect (latency
prolongation of wave V) is more pronounced in children with SLI,
compared to children with normal language development, with
complete deterioration in the ABR waveform morphology. FFRs to
tonal glides were also poorer for the SLI group children with no
discernible spectral following of the frequency change at faster stimulus
sweep rates. These results seem to suggest that the deficit in processing
rapidly changing auditory stimuli in children with SLI might be due, in
part, to a degradation of phase-locked encoding of frequency change in
the auditory brainstem.

Sources of Functional Auditory Brainstem
Maturation in the Human Neonate

#Gerald R. Popelka', James W. Hall, III%, Steven D. Smith®
'Research and Development, Everest Biomedical Instruments,
16690 Swingley Ridge Rd, Chesterfield, MO 63017,
2Communicative Disorders, University of Florida, Gainesville,
FL, 3Audiology, Drs. Kitchens, Chapman & Anderson,
Montgomery, AL

The magnitude of the auditory brainstem response (Fsp) recorded from
surface electrodes in full term human neonates increases in direct
proportion to the number of hours since birth over the first 36 hours of
life. Near simultaneous additional measures indicated that any changes
in the external ear, middle ear or cochlea did not contribute to the effect.
Further, the same trend also was observed longitudinally in individual
neonates. Therefore, the phenomenon was attributed to maturation of
auditory brainstem function. However, because the magnitude of the
auditory brainstem response was quantified as a signal-to-ratio, it could
not be determined if the response increase was due to an increase in the
brainstem response itself, a concomitant decrease in the noise, or a
combination of both. It is possible that measurement noise from
neuromuscular function or other entities also changes systematically
after birth. The purpose of this study was to investigate functional
maturation changes in the human neonatal auditory brainstem response
using more advanced analysis to further isolate maturational effects
from entities other than the auditory brainstem. The variances of the
auditory brainstem response and the variances of the concomitant noise
were analyzed separately in a group of full-term neonates. The
variances of the noise did not change significantly across neonates in
the presence of increases in the variances of the auditory brainstem
response. The results suggest that the observed auditory brainstem
functional maturation in full term neonates is independent of any
measurement noise as well as middle ear or cochlear effects.
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The Effects of Diabetes on the Auditory Brainstem
Response: An Epidemiological Study

*Nancy E. Vaughan, Daniel ] McDermott, Susan E. Griest, Stephen A.
Fausti NCRAR, Portland VA Medical Center, 3710 SW US
Veterans Hospital Rd, Portland, OR 97207

Nancy Vaughan, Ph.D., Daniel McDermott, M.A., Susan Griest,
M.P.H., Stephen Fausti, Ph.D., Veterans Administration National
Center for Rehabilitative Auditory Research, Portland, Oregon.

The effects of diabetes on auditory function are controversial and are
not well understood. Audiometric test results are often confounded by
age, by noise exposure and by comorbidity. An epidemiological study is
underway at the National Center for Rehabilitative Auditory Research
that will involve 400 diabetic patients and 400 age- and gender-matched
control patients from the veteran population between the ages of 25 and
85 years. One primary objective is to determine whether there is a
significant association between diabetes and auditory function.
Audiometric testing includes pure tone thresholds, speech recognition,
immittance testing, auditory brainstem responses, evoked otoacoustic
emissions and tinnitus evaluations. An extensive questionnaire obtains
data regarding noise exposure, comorbid conditions, self-perception of
overall health, and other relevant information. This is the largest and
most comprehensive study of diabetes and auditory function reported to
date. We report here on auditory brainstem response (ABR) findings to
date from over 400 diabetic and control patients. Age and noise
exposure account for a significant amount of hearing loss found in this
sample population, but auditory brainstem abnormalities are seen
disproportionately in diabetic patients.

Latency-Intensity Functions of Brainstem Auditory
Evoked Responses Explained by Synaptic Processes

#leinrich Neubauer', Hellmut von Spechtl, Peter Heil® 'Institute of
Experimental Audiology and Medical Physics, Otto-von-
Guericke University, Magdeburg, Germany, *Department of
Auditory Learning and Speech, Leibniz Institute for
Neurobiology, Magdeburg, Germany

Brainstem Auditory Evoked Potentials (BAEP) are elicited by brief
acoustic stimuli and recorded using scalp-electrodes. A typical response
consists of five consecutive waves, characterized by their latency, the
most prominent one being wave V. The latency-intensity function
(LIF), derived by plotting the latency versus intensity of stimulation, is
used as one important non invasive measure of the peripheral auditory
pathway's functional integrity (Vannier et al., 2001). On average, wave
V latency in response to clicks increases from about 5.6 ms at 80 dB
nHL to 8.2 ms at 10 dB nHL in the normal system. This latency
increase has been interpreted to be due to a more apical spread of
cochlear excitation and increased cochlear travel time as intensity
decreases (Picton et al., 1981; Jacobson, 1994).

Here we present a novel analysis of LIFs based on a microscopic model
of the inner hair cell to auditory-nerve fiber synapse. Stimuli were non-
filtered condensation clicks of 0.1 ms duration, presented at 18 Hz.
BAEPs were recorded at sound pressure levels (SPL) from 90 to 15 dB
SPL in 5-dB steps. The obtained LIFs of 20 normal adult human
subjects were fitted by three-parametric model curves. The model
accurately describes the latency of wave V as a function of SPL
(unexplained variance < 5% for each subject). The obtained parameters
are in excellent agreement with predictions from analyses of first-spike
timing of cat auditory-nerve fibers and cortical neurons and of tone
detection thresholds as a function of duration in cats and humans (Heil
& Neubauer, 2001, 2002).
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Short-Term Adaptation of Auditory-Evoked
Brainstem Responses in Mice

*JoAnn D. McGee, Edward J Walsh, Noelle Feldbauer, Elyssa Firbas
Developmental Auditory Physiology Laboratory, Boys Town
National Research Hospital, Omaha, Nebraska

Recovery of neural responses following a prior auditory event shapes
the physiological processing of subsequent acoustic stimuli and,
therefore, is an important feature in sound detection. In previous
studies assessing the adaptation of single auditory nerve fibers, several
recovery periods were reported, each attributed to a different
physiological process. Although time constants for recovery were
similar among some species, they differed for others. The purpose of
this study was to examine adaptation in mice because of the prominence
of this species in studies of genetically induced hearing loss. Auditory-
evoked brainstem responses (ABRs) were recorded from adult BALB/c
mice in response to probe stimuli alone and following a non-
simultaneous (forward) masking stimulus. Characteristics of the
forward masking stimulus, including its level and duration, were altered
parametrically, in addition to the interval between masker offset and
probe onset (“delta t”). For a given forward masking stimulus,
amplitudes of ABR component peaks decreased as “delta t” was
reduced. This effect was more pronounced as masker level was
increased, and saturated at higher levels where additional masking was
not observed with further increases in masker level. Conversely,
latencies of ABR peaks were prolonged as “delta t” decreased, with
greater latency shifts observed at higher masker levels. Masker
duration had an effect that was similar to masker level: as masker
duration was increased, the response to the probe stimulus declined in
amplitude and peak responses occurred later relative to probe onset.
The effects of masker duration were greater as the interval between
masker and probe was reduced, and saturated at longer durations.
These data may be useful to optimize stimulus parameters for acquiring
ABR-derived tuning curves from mice, as well as for evaluating
adaptive processes in mice with genetically induced hearing loss.

Supported by NIDCD grant DC04566

Hearing in Exotic Felids

#Edward J Walsh', JoAnn D. McGee', Douglas L. Armstrongz,
Thomas Curro?, Lei Song', Elyssa Firbas', Noelle Feldbauer'
'Developmental Auditory Physiology Laboratory, Boys Town
National Research Hospital, Omaha, Nebraska, “Veterinary
Medicine, Henry Doorly Zoo, Omaha, Nebraska

At last year’s midwinter meeting, we reported that tigers - and an
African lion - respond preferentially to low-frequency tone bursts and
are relatively insensitive to middle and high frequency acoustic signals.
This finding is consistent with expectations based on the middle ear
studies of Huang et al. (2000) and the notion that the relative size of the
middle ears of felids determines, at least partially, the bandwidth of
acoustic energy to which individuals are responsive. Since then, the
opportunity to record auditory brainstem responses (ABRs) from a
jaguar and a clouded leopard arose and preliminary findings resulting
from that effort suggest that the audiological range of smaller felids,
like the leopard, is similar to those reported for larger felids; e.g., tigers,
lions and jaguars. This unexpected preliminary finding will be explored
more thoroughly in the upcoming months to further test the hypothesis
that body size, and thereby middle ear dimensions, partially determine
the shape of threshold-frequency curves observed within the cat family.
Felids studied as a part of this investigation were initially anesthetized
with ketamine and xylazine or medetomidine, and were subsequently
maintained on gaseous anesthesia throughout the recording session.
ABRs were recorded differentially to both clicks and tone bursts
between 32 kHz and 0.5 kHz, sampled in one-half octave steps.
Stimulus levels were varied from near threshold to at least 90 dB SPL in
10 dB steps. Response waveforms recorded from each species studied
were similar to those observed in domestic cats and response magnitude
and recording quality were directly correlated with head size. Other
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response features were similar to those observed in other mammals.
Acknowledgements: We would like to acknowledge the patience of
Sarah Dankof, the Supervisor of the Hospital, and all the caretakers who
have helped with the investigation.

Far-field Neural Population Responses in Belgian
Waterslager (BWS) Canaries

#Flizabeth F. Brittan—Powell’, Amanda M. Lauer', Robert J.
Dooling', Brenda M Ryals® 'Dept. of Psychology, University of
Maryland, College Park, MD, 2Comm Sci Dis, James Madison
University, Harrisonburg, VA

The Belgian Waterslager (BWS) canary has a behavioral high-
frequency hearing loss, even though hair cell loss is distributed
throughout the basilar papilla. Auditory brainstem response (ABR)
recordings from sedated BWS canaries show elevated ABR audiograms
compared to non-BWS canaries. Here we examine other aspects of
ABR measurements in BWS canaries that may differ from other birds.

Preliminary results show that the shape of the ABR audiogram in BWS
canaries is similar to what might be expected based on ABR thresholds
in humans with high frequency sensorineural hearing loss (Stapells and
Oates 1997). Increasing the presentation rate of high intensity clicks
showed that latency measures for wave I were similar but slightly
longer than non-BWS canaries at high presentation rates. Wave [ and 11
peak amplitudes in BWS canaries were 2-3 times smaller than
amplitudes of non-BWS canaries regardless of presentation rate.

Pathology at the level of the hair cell and auditory nerve may help
explain some of these differences. The ratio of hair cells to afferent
nerve fibers is about 0.5 in non-BWS canary (Gleich et al 1998). Since
BWS canaries have an approximate 30% reduction in hair cell number
and of these remaining hair cells an average of 30% have abnormal
stereovilli bundles (Ryals et al 2002) the total number of hair cells
likely to respond normally is reduced by as much as 60%. Further, the
total number of auditory nerve fibers is reduced by approximately 12%
in BWS. Systematic investigation of hair cell innervation patterns in
BWS should be useful in interpreting differences in neural population
responses both in adulthood and during the progression of hearing loss
in this strain during early development.

Supported by NIDCD DC001372 to RJD and BMR

New Methodology for Acquisition of High Stimulation
Rate Evoked Responses: Continuous Loop Averaging
Deconvolution (CLAD)

#Rafael E Delgado’, Ozcan Ozdamar® 'Research & Development,
Intelligent Hearing Systems, Miami, Florida, *Biomedical
Engineering, University of Miami, Miami, FL

A new method of acquiring Evoked Responses using high stimulation
rates is developed and implemented. The technique allows users to
generate a wide range of complex stimulus sequence patterns and
deconvolves the resulting signals to reveal the overlapping EP
morphology. The theory, mathematics and implementation principles
are developed and explained. This technique works in the time domain
by solving a set of simultaneous equations generated by a particular
stimulus sequence and finds the unique response provided a solution
exits. A computer algorithm is developed and implemented in an
evoked potential averaging system to test the deconvolution theory.
The system consists of two modules: a stimulus sequence generation
module and a stimulation and acquisition module. The stimulus
sequence generation module allows users to design custom stimulation
sequences and generates a deconvolution solution matrix. A wide
variety of sequences are easily generated and tested to determine if the
resulting signal can be deconvolved. The stimulation and acquisition
module uses two continuous averaging loops to acquire signals while
measuring signal-to-noise ratio and residual noise in real-time. The
deconvolution process can be conducted in real-time while averaging.
Until recently, only a limited number of very specialized stimulus
sequences generated by the Maximum Length Sequences (MLS) or
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Legendre sequences (LGS) were capable of deconvolution of such
responses. In this method many arbitrary stimulus sequences can be
generated and averaged responses can be deconvolved. The MLS
method is shown to be a special case of this theory with unique integer
coefficients. Computer simulations with synthetic responses and real
Auditory Brainstem Responses (ABR) and Middle Latency responses
(MLR) obtained from normal subjects at high stimulus rates (up to 800
per second) verify the theory and the algorithm.

Acquisition of ABRs at Very High Stimulation Rate
Using CLAD (Continuous Loop Algorithm Deconvolution)

#0zcan Ozdamar’, Rafael E Delgado®, Kavita V Thombre®, Erdem
Yavuz’, Mark Anderson® 'Biomedical Engineering, University of
Miami, Miami, FL, *Research & Development, Intelligent
Hearing Systems, Miami, Florida, *Biomedical Engineering,
University of Miami, Coral Gables, FL

Auditory Brainstem Responses (ABR) are usually recorded using
stimulation rates no faster then 50-100 per second due to overlap of the
responses. Special methods such as Maximum Length Sequences
(MLS), or Legendre Sequences (LGS) are needed for recording
responses at higher rates. Such specialized methods have several
limitations and problems. A new method for high rate recording,
Continuous Loop Averaging Deconvolution (CLAD) was proposed by
Delgado and Ozdamar. CLAD enables the deconvolution of
overlapping responses and extracting the underlying response to a
stimulus.

Recordings were acquired at 7 stimulation rates ranging from 58.6 to
800.8 per seconds. Click levels from 0 to 70 dB nHL were used. Similar
recordings were obtained using MLS and LGS as well. ABR wave V
was observable at all rates up to and including 800.8 per second.
Response amplitudes were shown to decrease and latencies to increase
with increasing stimulus rates. Earlier ABR waves also disappeared at
increasing rates and thresholds were somewhat elevated due to
diminishing signal amplitudes. Results showed that CLAD recordings
were similar to responses obtained by MLS and LGS. CLAD
recordings, however, provided a wider range of stimulus patterns and
provided better control of the inter stimulus intervals with less jitter.
Due to a wide selection of stimulus sequences, CLAD provides a
suitable methodology to study adaptation effects at very high stimulus
rates. This technique may enable us to study the early effects of
demylinating diseases on evoked responses and differentiation of
adaptation along the auditory pathway which may be useful as a
diagnostic tool.

Functional Characterization of a Newly Developed
Ossicular Chain Replacement Prothesis in the Rabbit

#Martin Stieve, Mark Winter, Rolf Battmer, Thomas Lenarz Medical
University of Hannover, Otorhinolaryngology, Hannover,
Germany

The purpose of this interdisciplinary experimental study was the
functional characterization of a newly developed ossicular chain
replacement prosthesis. The aptness of this prothesis composed of
titanium-dioxide was examined by reconctructive surgery of the sound
conducting ossicle found within the middle ear of rabbits. A total of 35
rabbits implanted with titanium-dioxide prosthesis in the way of total
ossicular replacement prosthesis. The thresholds, latencies and
interpeak-latencies by means of auditory evoked potentials (ABR) and
bone conduction were established in both ears of all of the animals. In
addition tympanograms of all rabbits ears were determined. The
measurements took place directly before surgical intervention as well
as28,84 and 300 days post op.

The relatively minor increase in the potential threshold of 19,85 dB with
the click impulse and 28,19 with the pip-impulse can be assessed as
rather positive exeprimental outcome.

The potential thresholds that eveluated by bone conduction remained in
the normal range on both ears during th entire study. By establishing a
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tympanogram, defects in the tympanic membrane as well as any
tympanic effusions that my occured postsurgically, could be ruled out.
A correlation between the tympanogram and the severity of the
conductive hearing loss could not be determined. The reference value
stablished in thes study however, can serve as guidelines for further
experimental trials.

Cochlear Physiology in Mice

#Kristin H. Huynh', Claus-Peter Richter?, Mary Ann Cheatham'
!Communication Sciences and Disorders, Northwestern
University, Evanston, IL, ?Otolaryngology, Northwestern
University Medical School, Chicago, IL

Although the ability to create targeted mutations in mice makes this
species a valuable animal model, it is important to determine if mice
process acoustic inputs as efficiently as do other species. Hence, this
work compares cochlear responses from the CBA/Cal strain, which
does not demonstrate age-related hearing loss, with those from the
mongolian gerbil. Round window measurements from CBA/Cal mice
indicate that compound action potential (CAP) thresholds are sensitive
out to 50 kHz, the highest frequency tested. This performance is similar
to that reported in gerbil (Overstreet et al., Audio&Neuro-Otol., 2002).
In addition, CAP tuning curves at 12 kHz show similar Q10s and tip-to-
tail ratios in both species. Hair cell activity was also assessed indirectly
using the cochlear microphonic (CM) and summating potentials (SP).
CM iso-response functions indicate that criterion responses are
measured at approximately the same sound pressure level from 5-50
kHz in CBA/Cal mice. This result suggests that the CM, which reflects
hair cell receptor currents, is not attenuated at high frequencies in
contrast to ac receptor potentials, which are filtered by resistances and
capacitances associated with the hair cell's basolateral membrane. The
robust nature of CM responses is consistent with the idea that
extracellular potentials may be able to drive OHC motility, as suggested
by Dallos and Evans (Science 267, 2006, 1995). Finally, iso-response
functions for the SP are V-shaped with the tip of the function occurring
at ~45 kHz. Similar functions in the gerbil reveal a tip at ~33 kHz,
suggesting that round window recordings in this species are dominated
by hair cells with somewhat lower best frequencies.

Supported by NIH Grant #DC00089

Response Properties of Single Auditory Nerve Fibers
in CBA/CaJ Mice

#Annette M Taberner', M. Charles Liberman® 'Speech and Hearing
Biosciences and Technology, Harvard-MIT Division of Health
Sciences and Technology, Cambridge, MA 02139, *Eaton-
Peabody Laboratory, Massachusetts Eye & Ear Infirmary,
Department of Otology and Laryngology, Harvard Medical
School, 243 Charles Street, Boston, MA 02144-3096

The availability of transgenic lines with interesting auditory phenotypes
makes the mouse a valuable model to study the auditory system, and
recordings from single auditory nerve (AN) fibers can provide a
powerful window into cochlear function. To establish baseline data for
the mouse, we chose the CBA/CalJ strain for initial study.

Single-unit recordings were made from the AN in CBA/Cal mice, aged
8-17 weeks, using high impedance glass microelectrodes. Mice were
anesthetized with xylazine and urethane, paralyzed with tubocurarine
and artificially respirated. Sound stimuli were delivered with a closed
acoustic system, and distortion product otoacoustic emissions were
monitored to assess cochlear condition. The AN was reached via a
posterior fossa approach after cerebellar aspiration. Because the AN is
difficult to expose directly without compromising cochlear function,
electrodes were directed through the posteroventral cochlear nucleus,
ventrally and rostrally into the AN itself. To differentiate AN fibers
from cochlear nucleus cells, electrode depth and PST histograms of
tone-burst responses at the characteristic frequency (CF) were analyzed:
measures of the coefficient of variance of the interspike intervals and
first spike latency were extracted, as described by Young et. al. [1988,
J. Neurophys. 60: 1-29].
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Tuning curves, spontaneous discharge rates (SRs), PST histograms, and
rate-versus-level functions for CF tone bursts were obtained whenever
contact time permitted. AN fibers had CFs between 3kHz and 55kHz
and SRs varying from 0 to 52 sp/sec. Basic features of AN response in
the mouse were similar to other mammalian species studied: 1)
sharpness of tuning (Q10dB) increased with increasing CF, 2) response
threshold was inversely proportional to SR, 3) onset peak to steady state
response ratio was a function of SR (low SR < high SR) and CF (low
CF < high CF), and 4) the dynamic range of response to CF tone bursts
was 15-30dB.

Acknowledgements: Support provided by a grant from NIDCD (RO1
DCO0188) and a National Science Foundation Graduate Research
Fellowship.

Dual Representation of the Pitch of Complex Tones in
the Auditory Nerve

*Leonardo Cedolin, Bertrand Delgutte Eaton-Peabody Laboratory,
Massachusetts Eye and Ear Infirmary, Boston, MA

Previous auditory-nerve studies of the coding of the pitch of complex
tones have documented a temporal representation based on interspike
intervals, but have largely neglected possible rate-place cues to pitch
available when the individual harmonics are resolved by the peripheral
auditory system. We investigated the resolvability of harmonics of
complex tones in the cat, and compared the effectiveness of rate-place
and interval codes over a wide range (110-3520 Hz) of fundamental
frequencies (F0).

We recorded responses of single AN fibers in anesthetized cats to
periodic complex tones with a missing fundamental at moderate sound
levels (10-50 dB SPL per component). The harmonics were all of equal
amplitude and spanned a spectral region of 2.2 octaves around a fiber’s
CF. We used three phase conditions: cosine-phase, Schroeder-phase and
alternated sine-cosine phases.

The average discharge rate of a fiber was greater when the CF was a
small integer multiple of FO than when the CF fell between two
harmonics. In general, harmonics up to the 5th were thus resolved in
rate responses, although this number decreased at higher stimulus
levels. Using data from 12 to 47 single units, we could estimate FO from
rate-vs-CF profiles with errors smaller than 2-3%. However, few
reliable estimates were obtained below 400 Hz, due to the broad
cochlear tuning at low frequencies in the cat.

We generated “pooled” interspike interval distributions by summing all-
order interval histograms from all the sampled fibers. By finding the
best fitting periodic template to the pooled distributions, we were able
to estimate FO with errors smaller than 1%, up to 1200 Hz. Phase had no
obvious effect on either rate-CF profiles or pooled interval distributions.

In summary, both rate-place and interspike-interval codes are viable
over a wide range of FO in the cat, but the intervals code is more useful
at lower FOs, and the rate-place code at higher FOs.

Supported by NIH Grant DC02258.

Temporal Properties of Cochlear Suppression Derived
From Auditory Nerve Responses

#Marcel van der Hei jden, Philip X. Joris Laboratory for Auditory
Neurophysiology, K.U.Leuven, Leuven, Belgium

We previously presented a novel method to examine, from auditory
nerve data of the cat, cochlear phase and amplitude transfer at arbitrary
frequencies [van der Heijden and Joris, ARO 2002]. The method is
based on an analysis of the interaction among components of an
irregularly spaced tone complex. Among other things, the method
measures, with sub-ms accuracy, group delays over a fiber's entire
response area.

We adapted the method to enable study of cochlear suppression by
using a tone complex as a suppressor. The interactions among the
suppressor's components modulate the neural response evoked by the
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probe signal. A similar analysis as in the excitatory case yields phase
and amplitude characteristics of the suppression process.

We were able to examine suppression at many different frequencies in a
single animal, both for suppressor frequencies above or below the probe
frequency. Comparisons between the phase characteristics of
suppression and excitation yielded information on their different
latencies. For all frequency configurations tested, we found that
suppression mediated by a a tone complex is consistently slower than
excitation evoked by the the same tone complex. The exact latency of
suppression depends on the relative frequencies of probe and suppressor
and on their intensities. The data suggest that suppression is mediated at
a cochlear site slightly basal to the probe's characteristic location. Our
findings also impose constraints on the speed of the suppression process
itself.

Supported by the Fund for Scientific Research - Flanders (G.0083.02)
and Research Fund K.U.Leuven (OT/10/42).

Auditory Nerve and Inferior Colliculus Responses to
22 kHz Air- and Bone-Conducted Tonebursts t Ipsi/Contra
Stimulation

#Miguel Krishnan',Yu-qing Guo’, Robert Burkard? 1Dept. of
Otolaryngology, Children's Hospital, Buffalo, N'Y, *Center for
Hearing & Deafness, University at Buffalo, Buffalo, NY

Ultrahigh frequency (UHF) stimuli can be heard by humans via bone
conduction (BC), but not via air conduction (AC). Possible
mechanisms to explain this include non-cochlear origin of these
percepts, distortion of the bone-conducted signal leading to
audiofrequency stimulation, or the inefficiency of the middle ear
transfer function at these frequencies. In this study, we evaluate
responses from an animal model (chinchilla) capable of hearing via AC
above 20 kHz, in order to compare AC and BC responses.

Recording electrodes were implanted in the inferior colliculus (IC) and
auditory nerve (AN). Following recovery, animals were stimulated with
a 22 kHz toneburst intensity series via AC and BC. Stimuli were
presented to both the right and left ears (for AC) and right and left sides
of the skull (for BC). Animals were then given carboplatin, and 4-5
weeks later, responses again recorded, the animal sacrificed and
cochleae harvested.

BC stimuli presented to the same (ipsi) and opposite (contra) side of the
skull produced AN responses with similar amplitudes and latencies,
with the latencies slightly prolonged at a given stimulus level for the
contra placement. For AC stimuli, AN threshold was substantially
higher, amplitude was smaller and latency was longer for the contra
stimuli. Caboplatin produced a moderate inner hair cell loss, and
reduced AN response amplitudes and increased latencies. From IC,
contra AC and BC responses were larger than ipsi responses, and all
responses decreased post-carboplatin. For AC tones, IC latency was
dependent on stimulus level, stimulated ear and pre- versus post-
carboplatin. For BC tones, contra latency was shorter than ipsi latency;
post-carboplatin, a small latency increase was seen for the contra
placement.

Supported by NIDCD DC03600.

Gap Detection From the Auditory Nerve and Inferior
Colliciulus of the Chinchilla

*Yu-qing Guo, Robert Burkard Center for Hearing & Deafness,
University at Buffalo, Buffalo, NY

Guo and Burkard (2002) reported gap threshold from the inferior
colliculus to paired noisebursts to be on the order of 0.5-1 ms for onset
responses, while offset responses showed gap thresholds on the order of
8 ms. Similarly prolonged offset response thresholds compared to onset
response thresholds were also reported in the auditory cortex. The
present investigation compared gap detection in the auditory nerve
(AN) and IC, to determine if the difference in gap threshold for offset
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responses as compared to onset responses is seen in the auditory nerve
response.

Nine chinchillas had electrodes chronically implanted in the left IC and
the right AN. Following a recovery period, recordings were made in the
unanesthetized chinchilla. Paired, 50-ms, 80 dB SPL noisebursts were
presented to the right ear. Noiseburst gaps ranged from .5 to 64 ms.
After the first recording, the chinchillas were given carboplatin (75
mg/kg); 4-5 weeks later, the gap protocol was rerun, and the cochleas
harvested.

Cochleograms showed a moderate inner hair cell loss, with a minimal
outer hair cell loss. For both AN and IC, the onset response to the
second noiseburst (NB2) increased in latency and decreased in
amplitude with decreasing gap. Gap threshold from both the AN and
IC for the NB2 onset response was on the order of 1 ms, while the offset
response was typically only seen for gaps of 8 ms and above from the
IC, but for gaps of 1-2 ms and above from the AN. Following
carboplatin, response amplitudes decreased and latencies increased for
onset responses, with offset responses typically missing from the AN,
but present in the IC.

Supported by NIH DC03600.

Activity Growth Rates in Auditory-Nerve Fibers
Following Noise-Induced Hearing Loss

*Wichael G. Heinz, Murray B. Sachs, Eric D. Young Department of

Biomedical Engineering, The Johns Hopkins University School
of Medicine, Baltimore, MD

Loudness recruitment imposes a significant constraint on hearing-aid
algorithms; however, the physiological correlates of loudness and
recruitment are still not well understood. The growth of auditory-nerve
(AN) activity with sound level was measured for simple and complex
stimuli to directly test the hypothesis that AN-fiber rate-level functions
(RLFs) are steeper in an impaired ear.

RLFs were measured in both normal-hearing cats and in cats with a
noise-induced high-frequency hearing loss. Stimuli included BF and
fixed-frequency tones, broadband noise, and a brief speech token. Two-
line fits to sloping-saturation RLFs characterized low-level and high-
level slopes; one-line fits were made for sharply saturating responses.

Normal-hearing RLFs showed typical variations across stimuli and BFs
that can be accounted for by compression and suppression associated
with outer-hair-cell (OHC) function. Three types of impaired responses
were observed: (1) Fibers with similar RLFs across all stimuli had
broad tuning and lacked sloping saturation, consistent with OHC loss.
(2) Fibers with a wide dynamic range and shallow slopes above
threshold often retained sharp tuning, consistent with primarily IHC
damage. (3) Fibers with very steep RLFs for all stimuli had thresholds
above ~80 dB SPL and very broad tuning, consistent with severe IHC
and OHC damage.

While recruitment is often assumed to result from steeper basilar-
membrane (BM) responses associated with OHC damage, AN fibers do
not provide a simple representation of the BM I/O function. These
results demonstrate that impaired AN rate-level slopes are not
consistently steeper than normal low-level slopes, and suggest that both
OHC and IHC damage can affect AN response growth. The similarity
between normal and impaired AN growth near threshold is consistent
with recent psychophysical evidence that loudness grows normally near
threshold in impaired listeners (Buus and Florentine, 2001).

Supported by NIDCD
Discriminability Curves For Primary Auditory
Afferents From Their Rate-Level Curves

*[ftikhar Riaz Nizami Center for Hearing Research, Boys Town
National Research Hospital, Omaha

The ability of auditory neurons to signal changes in sound pressure
level has typically been discussed in terms of the neuron's dynamic
range. The literature contains many schemes for dynamic range, all
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based on firing-rate criteria. These schemes result in a plethora of
possible dynamic ranges for any given primary auditory afferent
(Nizami, Hear. Res. 167, 2002). This happens because, although
dynamic range is imagined as the contiguous range of intensity over
which the neuron can indicate some criterion change in level, the
published schemes do not specify that criterion change. A new method
is introduced in which a Signal Detection model provides an equation
for the intensity-difference limen (DL). This DL equation was applied
to rate-level plots for primary afferents in the cat, plots that were
replaced for computational purposes by smooth functions that were
obtained by fitting each rate-level plot to a double-logistic proven to fit
well to such rate-level plots (Nizami and Schneider, Math. Biosci. 141,
1997, Nizami, 2002). The model yields generally U-shaped
discriminability curves, indicating that the afferents are more sensitive
around their mid-points and less sensitive at their extremes. Each
curve's minimum can be obtained by computation. If a horizontal line
is drawn above the minimum, at some criterion discriminability (in dB),
that horizontal line will generally cut the DL curve in two places. The
separation between those 2 points corresponds to the range in dB over
which the afferent can signal the given criterion change in level.
Plotting each such range vs. its DL criterion yields a neuronal
discriminability curve that replaces the plethora of possible dynamic
ranges obtained using contemporary methods. Examples will be shown
of neuronal discriminability curves for both sigmoidal and sloping-
saturating rate-level plots, taken from the literature.

Work partially supported by NIDCD.

Recovery From Short-Term Adaptation in the
Cochlear Nerve of the Chick.

#lichael Avissar', Adam Furman®, Mark A Crumlingl, James C.
Saunders' 'Neuroscience, University of Pennsylvania,
Philadelphia, Pennsylvania, “Bioengineering, University of
Pennsylvania, Philadelphia, Pennsylvania

The release of neurotransmitter vesicles at the base of the hair cell is a
prerequisite for discharge activity in auditory nerve units. The
depletion of the vesicle pool has been associated with the adaptation of
auditory nerve discharge rates. The replenishment of these vesicle
pools, as seen in the recovery from adaptation, is examined here.
Chicks 6 to 10 days old were anesthetized and prepared for a trans scala
tympani approach to the cochlear (auditory) nerve. The ear was
stimulated with 100 ms tone bursts (2.5ms rise/decay time) at the
characteristic frequency of the unit. Pairs of these tone bursts, separated
by 6, 11, 20, 39, 80, 158, or 355 ms (with inter-pair intervals of 340 ms)
were used to construct peri-stimulus-time (PST) histograms summed
over approximately 100 pair presentations at each interval. Each unit
was tested at all 6 intervals. The PST histograms for the first and
second stimulus presentation were fit to a three parameter, single
exponential decay function. From the fitted function, the peak
discharge rate in spikes per second, the time constant, the percent of
adaptation, and the adapted discharge rate were determined. These
parameters were compared between the first and second PST
histograms for each unit at each interval. The peak response and
percent adaptation of the second PST histogram are substantially
depressed with a 6-ms separation. With increasing durations the values
of the first and second histogram begin to approximate each other.
Complete recovery is achieved between 40 and 80 ms after the first
tone. The time constants, however, show no significant differences
between the first and second PST histograms at all intervals. The results
suggest that total vesicle pool replenishment in the chick cochlear nerve
occurs between 40 to 80 ms after acoustic stimulation.

Research supported by awards from the Pennsylvania Lions Hearing
Research Foundation and the NIDCD to JCS.
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When a "Primitive" Fish listens to Tones: Encoding
of Sound in the Auditory Periphery of the Shortnose
Sturgeon, Acipenser brevirostrum

#lichaela Meyer', Dennis T.T. Plachta', Arthur N Popper® 'Biology,
University of Maryland, College Park, MD, *Neuroscience and
Cognitive Science Program, University of Maryland, College
Park, MD

We investigated frequency response properties of peripheral units
encoding pure tones in the sturgeon, a primitive fish. Our goal was to
find out to what extent these responses resemble those of teleost fishes
("advanced" bony fishes) and other vertebrates.

Shortnose sturgeons were presented with pure tone stimuli from 50 -
1000 Hz and intensities from 120 - 160 dB (re 1 pPa) using a tank with
a submerged loudspeaker. Fifty-three units were recorded in the
auditory periphery of five sturgeons. Only 17% of the units showed
spontaneous activity, most of them with a low firing rate (< 15 spikes/s,
80%), and 20% fired with moderate activity (15-50 spikes/s). Three
patterns of spontaneous activity could be found: regular firing (30%),
bursting (11%), and irregular firing (59%). Most irregular units
responded to sound, whereas most of the regular firing units did not
respond. This is consistent with recordings from the 8th nerve in teleost
species. The large number of units with zero spontaneous activity
recorded in the 8th nerve in sturgeon is not characteristic of teleosts.

Units showed different response pattern categorized as tonic (73%),
phasic (23%), and phasic-tonic (11%) firing. Some units (15%) showed
sharp ON and OFF responses (8th nerve units) or inhibition. The most
sensitive units responding to 100 Hz and 400 Hz respectively had their
lowest thresholds at 120 dB. Units in the lower frequency range (100 to
600 Hz) were tested at 140 dB for isolevel frequency response
functions. Units responding to higher frequencies (1 kHz, 7 units) had
thresholds at 160 dB.

The results for sturgeon, a "primitive" fish, are consistent with general
physiological features found in the periphery of other vertebrates with
regard to different patterns of spontaneous activity, zero spontaneous
activity, different response patterns, phase-coupling, inhibition, and
tuning.

Two Point Process Modeling Approaches to
Generating Auditory Nerve Spikes

#Socrates Deligeorges, David Mountain Biomedical Engineering,
Boston University, Boston, MA

The generation of action potentials or spikes is a process common to all
sensory systems, but it is of particular interest in relation to the auditory
system where the temporal aspect of the encoding process may play a
crucial role in information processing. In previous work (Deligeorges
2001, ARO Abstract #22064 ), a test regimen was developed to
examine the performance of instantaneous rate models for the auditory
nerve using a standardized set of test. This analysis of performance has
now been extended to models which simulate the generation of spikes.
In this work two stochastic point process models for spike generation
are examined, both models explicitly account for absolute and relative
refractory periods, but differ in the method by which the refractory
period is implemented. The first model is based on the work of Gray
(Biophys J 1967 7:759-777) using a modified implementation
developed by Carney (J Acoust Soc Am 1993 Jan;93(1):401-17), this
model uses spike history in a multiplicative process to create absolute
and relative refractory effects. The second is a model based on the work
of Weiss (Annu Rev Physiol 1984;46:247-59) wusing a new
implementation, this model applies spike history in an additive way to
create refractory effects. Both models used the Dual AGC adaptation
model (Deligeorges and Mountain 1997, Computational Neuroscience,
Plenum Press) for the auditory nerve as an excitation function to drive
the point process models. Biologically relevant values for absolute and
relative refractory period for an auditory nerve fiber were chosen for the
models, all other parameters were fixed to published values or pre-
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existing parameter sets. Results show that the multiplicative approach
functioned well over a wide dynamic range, but did not have temporal
synchronization properties as good as those seen in the experimental
data. The additive approach produced better synchronization
characteristics, but performance was more sensitive to changes in level.

Coding of Auditory Information into Nerve-Action
Potentials.

*Werner Hemmert Corporate Research, Infineon technologies, Munich,
Germany

Neuronal sound processing requires compression of the dynamic range
of acoustical signals to the limited dynamic range which can be coded
by neurons. Here I present a phenomenological model of a compressive
inner ear model followed by a realistic inner hair cell model. Frequency
analysis was achieved using a wave-digital filter model of cochlear
hydrodynamics  (Strube, 1988). Numerically stable dynamic
compression was realized by adding second-order resonators at the
cochlea’s outputs and modulating their quality factors (Q) using a
Boltzmann function. Cascading multiple (4) resonators and modulating
their Q-values from 10 to 1 accomplished up to 80 dB compression
together with reasonably broad response curves. Stereociliary bundles
of the inner hair cells were stimulated by fluid forces derived from
basilar-membrane displacement. Transduction currents caused an inner
hair cell receptor potential, which in turn activated voltage dependent
Ca-channels. Elevated Ca-levels caused fusion of synaptic vesicles
(Beutner et al., 2001) and finally elicited nerve action potentials. The
kinetics of vesicle fusion was modelled according to Moser and Beutner
(2000).

The model reveals that the dynamic range problem can not be solved by
mechanical compression in the cochlea alone. In addition, neuronal
feed-back mechanisms have to be introduced, which finely control BM-
vibration by efferent feedback to cochlear mechanics and to the afferent
synapses terminating of the inner hair cells. The spike trains transmitted
by the auditory nerve fibres to the cochlear nuclei and further to the
midbrain allow for both spectral and temporal information processing,
which is required for robust speech recognition especially in noisy
environments.

References:

Beutner, D., Voets, T., Neher, E., and Moser, T. (2001). Neuron 29,
681-90.

Moser, T. und Beutner, D. (2000). Proc. Natl. Acad. Sci. USA, 97, 883-
388.

Strube, H.W. (1985): Acustica 58, 207-214.

Comparison of Two Non-linear Auditory Nerve
Models using a DSAM Computer Application and
Matlab/Octave

#Lowel Phillip 0 Mard', Raymond Meddis* 'CNBH, Psychology,
University of Essex, Colchester, United Kingdom, *Psychology,
University of Essex, Colchester, United Kingdom

We present a computational methodology for investigating the
characteristics of two non-linear auditory nerve models. Many animal-
based models of the auditory nerve have been used in auditory
investigations. ~ Computational models can also used for such
investigations. It is the aim of this presentation to promote the merits of
using computational modelling.

Popular visualisation tools are used in conjunction with the Auditory
Model Simulator (AMS); an application built using the development
system for auditory modelling (DSAM) computer library. DSAM is a
computing library designed as a standard platform for producing
applications to create and evaluate auditory models. It brings together
many published auditory models (produced by different research
groups), analysis functions and general utility functions. All these
features are available within a flexible programming platform.
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The AMS application inherits the interface and all of the other features
of DSAM. Like other DSAM applications AMS allows a variety of
interface options. There is a graphical user interface (GUI) that
provides comprehensive access to model and application parameters.
AMS accepts command-line options giving access to all parameters, so
it can be employed to produce quite complex analysis runs using
scripting tools. AMS also has a command-line only version, for fast
runs.

In this presentation, the Xhang et al. (2001) and Sumner et al. (2002)
auditory nerve models will be compared. The models are set up using
DSAM simulation scripts within AMS. The AMS simulations are then
run and the results plotted using Octave, the freeware Matlab clone.
The scripts have also been tested using Matlab.

AMS is available as an "out of the box" Windows installation
(95/98/2000 and NT) for PC's, Linux RPM's and can be installed on
UNIX machines using its auto-configuration system. It is available for
download from our WWW site. The Matlab/Octave scripts are also
available within the AMS installation.

BCL-2 Overexpression Delays Age-Related Spiral
Ganglion Cell Degeneration in a Mouse Model of
Presbyacusis.

*Natalie A. Hardie, Glen MacDonald, Edwin W Rubel Virginia
Merrill Bloedel Hearing Research Center and Otolaryngology-
HNS, University of Washington, Box 357923, Seattle, WA
98195-7923

The anti-apoptotic protein, BCL-2, has been shown to prevent
programmed cell death in many biological systems. The aim of the
present study was to determine whether transgenic expression of the
human bcl-2 gene in C57BL/6J mice could prevent the age-related
degeneration of the auditory nerve typical of these mice. Transgenic
mice and wildtype littermate controls (genotyped by DNA analysis
using polymerase chain reaction) were examined at 2, 10, 15 and 20
months of age. Auditory brainstem response (ABR) thresholds
increased with age, such that by 15 months of age animals exhibited a
profound hearing loss across all frequencies tested. There were no
significant differences in ABR thresholds between transgenic and
wildtype animals at any age. Immunohistological analysis of the
cochleas verified expression of the transgene, under control of the
neuron-specific enolase promoter in these mice, in the inner hair cells
and spiral ganglion cells of all transgenic animals. Spiral ganglion cell
(SGC) density in the basal cochlear turn was measured from toluidine
blue-stained thin sections of plastic-embedded cochleas. In both
wildtype and transgenic animals, SGC density decreased with age;
however the rate of degeneration in transgenic animals was reduced
compared to wildtypes. The greatest difference was seen in the 15-
month-old animals, where mean (+ SEM) SGC density in the transgenic
animals was 696.13 (£56.05) cells/mm?, compared to 203.61 (+44.47)
in wildtypes (p<0.001, t-test). Analyses of inner hair cell (IHC)
survival correlated positively with SGC survival across all animals
(r=0.84), suggesting that the increased survival of SGCs in transgenic
animals may partly reflect prolonged survival of IHCs. These results
indicate that BCL-2 overexpression may delay the age-related
degenerative changes seen in presbyacusis.

Supported by The Garnett Passe and Rodney Williams Memorial

Foundation; NIDCD DC03829 and DC04661.

Molecular Basis for Age-related Loss of Spiral

Ganglion Neurons

*Jianxin Bao Central Institute for the Deaf, Washington Univ., 4560
Clayton Ave., St. Louis, MO 63110

Age-related hearing loss (Presbycusis) is a major health concern for the
elderly population. Loss of spiral ganglion neurons is consistently
associated with Presbycusis. The sequence of molecular events for age-
related loss of spiral ganglion neurons is unknown. We investigated
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whether molecular pathways initiated by neuregulin-1 contributes to
age-related loss of spiral ganglion neurons.

The protein products of neuregulin-1 constitute a family of isoforms
mostly with an extracellular domain, a transmembrane domain, and a
well-conserved cytoplasmic domain. Interactions between the
extracellular domain of neuregulin-1 and erbB receptor tyrosine kinases
can occur after release of the extracellular domain of neuregulin-1,
either directly following synthesis of isoforms lacking transmembrane
domains, or following proteolysis of the transmembrane precursor form.
Genetic analyses have demonstrated that both the extracelluar and
cytoplasmic domains of neuregulin-1 are essential for synaptic
formation. We found that the cytoplasmic domain of neuregulin-1 is
present in the nuclei of spiral ganglion neurons. The nuclear level of the
neuregulin-1 is up regulated during aging in spiral ganglion neurons.
Nuclear translocation of the cytoplasmic domain of neuregulin-1
regulated expression of several downstream genes. One of them is
involved in synaptic formation, other are apoptotic genes. These
findings imply that one of molecular mechanisms underlying age-
related loss of spiral ganglion neurons is initiated by the cytoplasmic
domain of neuregulin-1.

Contributions of Nicotinic Acetycholine Receptors to
Age-related Loss of Spiral Ganglion Neurons

Jianxin Bao!, *Xuezhao Zhang’ 'Central Institute for the Deaf,
Washington Univ., 4560 Clayton Ave., St. Louis, MO 63110,
“Department of Otolaryngology, Washington Univ., St. Louis,
MO

One major health concern for the elderly population is age-related
hearing loss (Presbycusis), which is consistently associated with age-
related loss of hair cells and spiral ganglion neurons. The sequence of
causative molecular events for age-related loss of spiral ganglion
neurons is unknown. Certain nicotinic acetylcholine receptors are
highly expressed in spiral ganglion neurons. Recently, some nicotinic
acetylcholine receptors are found to contribute to age-related neuronal
degeneration in central nervous system, and it is unknown whether
these receptors also contribute to age-related loss of spiral ganglion
neurons.

We first determined that there are changes in the expression of nicotinic
acetylcholine receptor subunits in spiral ganglion neurons during aging.
Comparisons of spiral ganglia extirpated from four vs. eight month-old
C57BL/6J mice revealed increased levels of alpha 4 subunit mRNA and
significantly decreased levels of both alpha 5 and beta 2 subunits
mRNAs when total neuronal mRNAs were kept constant. To address
whether the down-regulation of alpha 5 and beta 2 subunits in spiral
ganglion neurons during aging might be directly related to auditory
function, we measured hearing loss in eight month-old alpha 5 or beta 2
null mice. Assessment of the threshold of auditory brainstem responses
to tone stimuli revealed significant deficits in beta 2 null mice, while
alpha 5 null mice appear normal compared to their age and genetic
background matched controls. There are also significantly fewer spiral
ganglion neurons in beta 2 null mice, but not in alpha 5 null mice. Thus,
age-related down regulation of beta 2 acetylcholine receptor subunit
may contribute to age-related loss of spiral ganglion neurons.

Acknowledgements: This study was supported by NIDCD (DC05145) to
JB.

Cu/Zn Superoxide Dismutase and Age-Related
Hearing Loss

#Xiaobo Wang, CECILIA CANTO, Elizabeth Keithley
Otolaryngology/HNS, Univ. of CA, San Diego, LA JOLLA, CA

Presbycusis results from degenerative cochlear changes. Mice, in which
the genetics can be manipulated and the life span is relatively short,
enable evaluation of the effects of genetics on cochlear degeneration
over time. Antioxidant enzymes such as Cu/Zn superoxide dismutase
(Sodl) protect cells from toxic, reactive oxygen species and are
hypothesized to be involved in age-related cell degeneration.
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The effect of Sodl on cochlear function and structure was examined in
Sod1-null mice (-/-) (B6;129S-Sod1tm1Leb/tm1Leb) and in age- and
genetics-matched (+/-, +/+) controls (n=156) at 9-10, 12, 15 and 18
months of age. Auditory brainstem responses (ABR) to clicks were
measured. Mice were perfused with paraformaldehyde and cochleas
prepared for frozen or paraffin sectioning. Sections were stained with
cresyl violet or H&E.

ABR thresholds increased with age in all genotypes. At 9 months the
magnitude of the loss was greatest in the -/- mice (30 dB loss, ANOVA
p < 0.001). By 15 months the mean loss was 40dB greater than the loss
in the 15 month-old +/+ or +/- animals. The ABR wave I was
significantly smaller in the -/- mice. The cochleas of the -/- mice had
degeneration in the organ of Corti and spiral ganglion, but not the stria
vascularis. The loss of ganglion cells was the largest degenerative
change and was greatest at the basal and apical ends. In contrast, the +/+
and +/- mice had much less cochlear degeneration. The variability
among individual mice was large in spite of genetic and environmental
similarity.

In conclusion, the absence of Sodl makes the mouse cochlea more
vulnerable to age-related sensori-neural degeneration.

Support: RO1 DC03395; Medical Research Service, Dept. of Veterans
Affairs. We thank Dr. Nathan Fischel-Ghodsian, Cedars Sinai, Los
Angeles, Drs. Ken Johnson and Qing Yin Zheng, Jackson Lab, ME and
Tim Truong, UCSD for their contributions.

Effect of Overexpression of Cu/Zn Superoxide
Dismutase on Noise- and Age-Related Hearing Loss

Kenneth C.Y. Yu!, *Donald E. Coling’, David Somand?, Bulent
Satar!, Uma Bai?, Ting-Ting Huang3, Michael D. Seidman?,
Charles J. Epstein3, Anand N. Mhatre', Anil K. Lalwani'
'Laboratory of Molecular Otology, Epstein Laboratories, Dept. of
Otolaryngology—Head and Neck Surgery, University of
California San Francisco, San Francisco, CA, 2Dept. of
Otolaryngology—Head and Neck Surgery, Henry Ford Hospital,
Detroit, MI, *Dept. of Pediatrics, University of California San
Francisco, San Francisco, CA

Reactive oxygen species (ROS) have been implicated in hearing loss
associated with aging and noise exposure. Superoxide dismutases
(SODs) form a first line of defense against damage mediated by the
superoxide anion, the most common ROS. Absence of Cu/Zn SOD
(SOD1) has been shown to potentiate hearing loss related to noise
exposure and age. Conversely, overexpression of SOD1 may be
hypothesized to afford a protection from age and noise related hearing
loss. This hypothesis was tested using a transgenic mouse model
carrying the human SODI1 gene. Progressive age-related hearing loss
was observed in both transgenic and non-transgenic littermates using
auditory brainstem response (ABR) audiometry. However, no
protection was observed in mice up to 20 weeks of age. Further, we
observed no protection from noise induced hearing loss when 8 week
old mice were exposed to broadband noise (4-45 kHz, 110 dB for 1 h)
and ABRs recorded 1, 7, 14, and 30 days after exposure. SODI1
overexpression was not associated with reduction in mitochondrial
DNA deletions, considered to be an index of aging. The present results
do not support the hypothesis that overexpression of SOD1 confers
protection from noise and aging in the peripheral auditory system.

Peripheral and Central Interaction During Aging in
the CBA and CS57 mouse. A calcium binding protein study.

#Esma Idrizbegovic', Agneta Viberg?, Nenad Bogdanovic®, Barbara
Canlon-Petersson’ 'Audiology, Huddinge University Hospital,
Stockholm, Sweden, *Physiology & Pharmacology, Karolinska
Institutet, Stockholm, Sweden, "NEUROTEC, Geriatric section,
Karolinska Institutet, Stockholm, Sweden

The quantitative stereological method was used for determining the
total number of neurons and calcium binding immunopositive neurons
during aging in the posteroventral- and dorsal cochlear nucleus (PVCN
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and DCN) in the CBA and C57 mice. Correlations were made between
peripheral pathology (spiral ganglion loss, inner and outer hair cell loss)
and calcium binding immunoreactivity in the cochlear nucleus. These
two mouse strains have illustrated different patterns of calcium binding
protein expression in the PVCN during aging. In particular, the C57
mouse demonstrated percent increases in parvalbumin and calbindin in
the PVCN, while the CBA did not show any change with increasing age
in the PVCN. However, the CBA and the C57 mice showed similar age-
related percent increase in parvalbumin, calbindin, and calretinin in the
DCN. Thus, a strain difference was particularly evident in the PVCN
for the C57 mice. Strain differences were also found when correlations
were made between periphery pathology and calcium binding protein
expression. The percentage of parvalbumin and calretinin in the DCN
showed a statistically significant correlation with peripheral pathology
in both CBA and C57 mice. The C57 mice also showed significant
correlations between peripheral pathology and the parvalbumin and
calbindin in the PVCN. In summary, the findings imply that
degenerative changes in the auditory periphery can modulate neuronal
homeostasis by increasing calcium binding proteins in the PVCN and
DCN during aging. In the C57 mouse the PVCN is particularly sensitive
to peripheral damage compared to the CBA mouse. These findings
suggest a role for calcium binding proteins in protecting against age-
induced calcium toxicity.

Supported by grants from the AMF, Medical Research Council, The
Royal National Institute for Deaf People, Tysta Skolan, Gun and Bertil
Stohne,and Karolinska Institutet.

Age Related Declines in Calbindin Expression in the
Ventral Cochlear Nucleus of Deafened and Hearing
CBA/CaJ and C57Bl/6 Mice

*George Varghese, Martha L. Zettel, Rath Roeut, Martha A. Lynch-
Erhardt, Robert D. Frisina Otolaryngology Division, Univ.
Rochester Sch. Medicine, Rochester, NY

Hearing deficits in aging humans occur in both peripheral and central
auditory systems, and intracellular calcium imbalances have been
implicated in age related hearing loss, presbycusis. Calcium binding
proteins are regulatory proteins that act as a buffering mechanism for
intracellular calcium. The expression of one of these proteins,
calbindin, was examined in the anterior and posterior divisions of the
ventral cochlear nucleus (AVCN, PVCN) in CBA and C57 mice. CBA
mice, like humans, have functional hearing until a very late age, while
the C57 strain exhibits a high frequency sensorineural hearing loss at a
very early age and is deaf later in life. A subset of the young adult CBA
mice were deafened and then aged to determine if changes with age
were strain related. In the PVCN calbindin staining in hearing 24
month-old CBA mice exhibited a 45% decrease in the number of
labeled neurons relative to young CBA mice, while the deafened CBAs
had a 73% decrease. In the AVCN, the old CBA mice had a 17%
decline while the deafened CBAs had a 57% decline in CB
immunoreactivity.  Nissl counts did not show significant declines with
age or deafening in either region. The C57 mouse strain did not exhibit
any significant changes in calbindin staining with age.  In summary,
old hearing CBA mice demonstrate a decrease in calbindin
immunoreactivity with age and an even greater decrease with age and
deafening, while in the C57 strain, early onset hearing loss does not
induce such a decline. Thus the decrease appears to be strain specific,
and is exacerbated by deafening.

Supported by NIH-NIA Grant POl AG09524, and the Int. Ctr. Hearing
& Speech Res., Rochester NY, USA.
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KV3.1 Channel Expression in the MNTB of Old CBA
Mice.

#artha L. Zettel’, Robert D. Frisina® 'Surgery, University of
Rochester Medical Center, Rochester, NY, *Otolaryngology
Division, University of Rochester School of Medicine &
Dentistry, Rochester, NY

The neurons of the medial nucleus of the trapezoid body (MNTB) are
known for their ability to transmit high frequency phase locked
information very precisely. Voltage-gated potassium channels are
thought to be important in regulating their temporal properties. As part
of a project examining age-related temporal processing deficits, we
examined the expression of Kv3.1 channel proteins in the MNTB of 4
month-old and 24 month-old CBA/CaJ mice. Brain sections from old
and young mice were reacted identically with an antibody against Kv3.1
(Alomone Labs) and images of the MNTB were digitally captured and
analyzed using Image Pro4. Because Kv3.1 is expressed in neurons and
neuropil we manually outlined the MNTB and calculated the mean
optical density for the entire region.

The density of Kv3.1 staining was 76% less in the MNTB of old mice
as compared to young mice. We are currently imaging individual
MNTB neurons to determine whether there are age-related differences
in the neuronal compartments expressing this channel. Because Kv3.1
has been shown to regulate spike duration in vitro, our results suggest
that old mice may have longer spike durations and consequently lower
maximum firing rates in the MNTB than young mice.

Supported by NIH-NIA Grant P01 AG09524, and the Int. Ctr. Hearing
& Speech Research, Rochester NY, USA.

Contralateral Suppression of Distortion Product
Otoacoustic Emissions Declines with Age in CBA Mice

*ichael J. Jacobson, SungHee Kim, Xiaoxia Zhu, Josh Romney,
Robert D. Frisina Otolaryngology Division, University of
Rochester School of Medicine & Dentistry, Rochester, NY

The auditory efferent medial olivocochlear (MOC) system plays a
critical role in modulating cochlear function at the outer hair cell (OHC)
level. Prior researchers have shown that activation of the MOC system
leads to suppression of cochlear activity. We previously described an
age related decrease in MOC inhibitory function for distortion product
otoacoustic emissions (DPOAE) in humans. We wish to extend this
finding by studying aging effects on the MOC in CBA mice, a strain
known to maintain auditory function into old age. The objective of this
study is to measure age-related changes in the MOC efferent system in
CBA mice by comparing DPOAE’s generated with and without
contralateral white noise stimulation. This contralateral noise activates
the MOC and suppresses the magnitude of cochlear output. By
studying contralateral suppression on cochlear output in mice of
different ages, it is possible to describe aging effects on the MOC.
Young, middle-aged, and old CBA mice were tested. DPOAE-grams
were obtained with L1/L2=65/50 dB SPL, f1/f2=1.25, using 8 points
per octave covering a frequency range from 5.6-44.8 kHz. Wide band
noise (3-30 kHz bandwidth) was applied contralaterally at 55 dB SPL.
Analysis revealed that DPOAE levels decreased with age, and that
contralateral suppression declined in middle-aged and old groups
relative to young subjects. This reduced MOC activity preceded
measured declines in DPOAE and ABR levels. We conclude that these
CBA mice findings parallel those of our previous human study.
Namely, functional decline of the MOC-efferent system with age
precedes OHC degeneration. Loss of MOC suppressive function may
play an important role in the development of presbycusis. Contrasting
these findings to mouse strains possessing distinct time courses of
deafness (i.e., C57) should provide additional insights into age-related
characteristics of the efferent system.

Work supported by NIH-NIA P01 AG09524 and the Int. Ctr. Hearing
Speech Res.
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Effects of Age and Sensorineural Hearing Loss on
Contralateral Suppression of Distortion Product Otoacoustic
Emissions in C57 Mice

Josh Romney, SungHee Kim, *X7aoxia Zhu, Michael J. Jacobson,
Robert D. Frisina Otolaryngology Division, University of
Rochester School of Medicine & Dentistry, Rochester, NY

Previous studies have shown that contralateral noise activates the
medial olivocochlear (MOC) efferent system and leads to suppression
of outer hair cell (OHC) activity as measured by Distortion Product
Otoacoustic Emissions (DPOAE). We have previously described
functional declines with age of the MOC efferent system preceding
OHC degeneration in humans and the CBA mouse model. The purpose
of this study was to evaluate the effects of age on contralateral
suppression of DPOAEs in early onset, age-related hearing loss using a
C57Bl/6] (C57) mouse models. Starting in young adulthood, the C57
mouse displays an age-related hearing loss and decline in DPOAE
activity, beginning in the high frequencies and progressing toward
lower frequencies. This reflects age-related changes in cochlear
function, especially the OHC system. Young adult and middle-aged
C57 mice were tested. DPOAE-grams were obtained with L1=65 and
L2=50 dB SPL, f1/f2=1.25, using 8 points per octave covering a
frequency range from 5.6-44.8 kHz. Wide band noise (3-30 k Hz
bandwidth) was applied to the contralateral ear at 55 dB SPL. DPOAE
levels declined with hearing loss. Both young adult and middle-aged
group exhibited little contralateral suppression of DPOAEs. We
conclude that low levels of contralateral suppression of DPOAEs in
young adult and middle-aged C57 mice may indicate dysfunction of the
MOC system. Even young adult mice with normal hearing showed
poor MOC function. Poor functional status of the MOC system in
young adult C57 mice may be a precursor of early-onset age-related
hearing loss. Further study is needed to elucidate the role of MOC
dysfunction in human presbycusis.

Supported by NIH-NIA Grant POl AG09524, and the Int. Ctr. Hearing
Speech Res., Rochester, NY, USA.

Age-Related Decrements in the Integrative Action of
the Auditory Nervous System seen in the Acoustic Startle
Reflex of the CBA Mouse

*James K. Ison, Paul D. Allen, Jordan Bell, Catherine A Moore,
Carolyn M Tyler Brain & Cognitive Sciences, University of
Rochester, Rochester, NY

We measured the time course of excitability in the auditory brainstem
of mice by examining the strength of temporal integration of the
acoustic startle reflex (ASR) to tone pips, S1 and S2, with varied
stimulus onset asynchrony (SOA). As SOA increases ASR output
increases to a maximum and then declines (Marsh et al., JCPP, 1973).
Summation is initially offset by the refractory effect of action potentials
(AP) in some cells activated by S1 and first increases as this effect
decays, then later declines with the decay of subthreshold excitatory
potentials (EPSP) in other cells. The duration of these decaying
processes is thought to be determined by different families of outwardly
rectifying potassium ion channels that return the cell to its resting
potential following an EPSP or an AP: deficits in the former should
lengthen the period of temporal summation, deficits in the latter delay
its peak. Here the ASR was elicited by pairs of 12 kHz tone pips: 1 ms
duration including 0.25 ms RT/FT, SOA from 0 to 10 ms (0.5 ms steps
between 1 and 6 ms), and levels of 100 dB to 130 dB (SPL); in Young
(2 mo., n =7), Middle aged (7 mo., n =12), and Old (24 mo., n =15)
CBA/6] mice. Peak summation occurred at a longer SOA in old mice
(median = 3.5 ms in O, 2.5 ms in Y and M, p =.002), and was less
strong (at high levels, about 200% vs. 400%, p<.001). Post-peak
summation persisted longer in old mice, the decay curve of younger
mice dropping away from that of the old mice 2 ms after the peak
(p<.003). These data indicate that the post-AP refractory effect persists
longer in the old mouse (accounting for the later peak of two pulse
summation), as does the subthreshold EPSP (this accounting for its
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greater persistence). Both effects agree with our working hypothesis
that ion channels responsible for restoring the resting potential
following a momentary perturbation in acoustic input are less effective
in the auditory brainstem of old mice.

Supported by NIA, Grant #4G09524

Hair Cell Loss and ABR Thresholds in Muted Mice

#Robert Burkard', Da-Lian Ding', Haiyan Jiang', Kathleen Szalda',
Yu-qing Guo', Edward Novak?, Richard Swank® 'Center for
Hearing & Deafness, University at Buffalo, Buffalo, NY, 2Dep‘[.
Molecular & Cell Biology, Roswell Park Cancer Institute,
Buffalo, NY

Muted mice have missing otoconia in the saccule and utricle. This
vestibular disorder is a recessive trait. Last year at ARO, Burkard and
colleagues reported that these mice, at seven months of age, showed a
selective inner hair cell (IHC) loss, with auditory brainstem response
(ABR) thresholds that were ~10 dB higher than those of a group of
age-matched CBA/CaJ mice. Interestingly, ABR thresholds and THC
loss were similar for the heterozygotes (mu/+) and the homozygotes
(mu/mu). The present investigation evaluated ABR thresholds and hair
cell loss in a group of muted mice across a wide range of ages.

Twelve 2-2.5, six 12 and two 18 month old muted mice served as
subjects. ABRs were obtained to clicks and 3, 6, 12, 24 and 36 kHz
tonebursts. For all stimuli, level decreased from 90 to 0 dB pSPL in 10-
dB steps. Upon completion of data collection, mice were sacrificed,
cochleas were harvested, and hair cell counts made.

One 2-2.5 month old animal showed elevated ABR thresholds and will
not be considered further. The remaining mice (5 mu/mu, 6 mu/+)
showed mean ABR thresholds that were quite similar to each other
(mu/mu versus mu/+), and similar to ABR thresholds seen previously in
the 7 month old mice. Cochleas showed little IHC or outer hair cell
(OHC) loss. For the 12 and 18 month (all mu/mu) mice, ABR
thresholds were substantially higher than seen for the younger mice.
The cochleograms from the 18 month old mice (and informal inspection
of some cochleas of the 12 month old mice) show moderate IHC loss in
the basal half of the cochlea. These data demonstrate that IHC loss is
progressive in muted mice, beginning sometime after several months of
age.

Supported by NIH NIA AG09524

Expression by Acoustic Stimulation of Immediate-
early Genes, c-Fos and Arc, in the Gerbil Auditory System

*Victoria M. Bajo, Kate Maresh, Tim Doubell, David R Moore,
Andrew J King University Laboratory of Physiology, University
of Oxford, Oxford, United Kingdom

Immediate-carly genes represent the first wave of gene expression
triggered by cellular stimulation and their protein's immunoreactivity
can be used as an index of functional activity in the brain. Here we
examined Fos- and Arc-like immunoreactivity elicited in the central
auditory system of young, adult gerbils in response to acoustic
stimulation. The stimuli used were 1 and/or 16 kHz pure tone bursts,
200 ms in duration, presented at a rate of 1 Hz. We used sound levels of
50 and 70 dB SPL, with stimulation times of 2, 10 and 15 minutes.
Animals were maintained in silence in a sound-proof chamber for 1
hour before and after sound stimulation. Control animals were
maintained in silence but not tone stimulated. Some brains were cut in
the coronal or horizontal plane. Others were dissected and flattened-
cortex sections were prepared. The sections were processed using Fos
and Arc antibodies from Santa-Cruz Biotechnology. Fos-like
immunoreactivity (FLI) was found in neurons at every level of the
auditory pathway, from the cochlear nucleus to the auditory cortex. The
number of positive cells was directly related to the intensity and
duration of sound stimulation. The distribution of FLI cells also varied
with sound frequency. In the auditory cortex, FLI cells were found
mainly in the infragranular layers. Arc-like immunoreactivity (ALI) in
the cytoplasm had a more restricted distribution than FLI and was
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observed only in the auditory cortex when high sound levels and long
stimulation times were used. ALI cells were also found mainly in the
infragranular layers, but were less numerous than FLI neurons. These
differences in protein expression suggest that Arc may provide a
powerful tool for investigating the role of the auditory cortex.

Supported by the MRC, Wellcome Trust and Physiological Society

Establishing Cytoarchitectronic Divisions in Ferret
Auditory Cortex

*Jennifer Kim Bizley, Fernando R Nodal, Victoria M. Bajo, David
R Moore, Andrew J King University Laboratory of Physiology,
University of Oxford, Oxford, United Kingdom

We aimed to establish cytoarchitectonic sub-divisions between primary
and non-primary auditory cortex in the ferret using histochemical
markers and tracer injections. Combining cytochrome oxidase (CO),
neurofilament protein of medium and high molecular weight (SMI-32)
staining and Nissl staining, it was possible to differentiate primary and
non-primary fields in both coronal sections and a flattened cortex
preparation. Heavy CO labelling was observed in primary areas, in the
middle and anterior ectosylvian gyri (MEG, AEG), which was restricted
mainly to layer IV. CO labelling in secondary areas, including posterior
ectosylvian gyrus, was less intense and uniform across the layers. SMI-
32 immunoreactivity showed a distinct bilaminar pattern in the MEG
and AEG, with strong labelling of pyramidal neurons in layers III and
V. In secondary auditory areas, only layer V pyramidal neurons had
SMI-32 immunoreactivity. SMI-32 staining therefore appeared to
distinguish clearly between primary and secondary auditory fields.

Injections of biotinylated dextran amine (BDA) in the primary fields
resulted in terminal labelling with small boutons in the medial
geniculate body, which was found mainly in topographically
appropriate regions of the ventral division. Giant terminals were also
observed in the dorsal division, homologous to those previously
described in the cat (Bajo et al 1995). Labelled terminal fields were also
present in the inferior colliculus (IC), mainly in its dorsomedial part.
Retrograde tracer injections in this IC region labelled pyramidal cells in
layer V of every auditory field. In conclusion, tracer injections show
that areas delineated as primary cortex using histochemical markers
make appropriate connections with sub-cortical structures.

Supported by the Wellcome Trust and MRC

The Columnar Organization of Ferret Primary
Auditory Cortex

#Nikolaos Kanlis', Jonathan Simon? Didier A. Depireux®, Shihab
Shamma* 'Electrical Engineering, Texas A&M University-
Kingsville, Kingsville, Texas, *Biology/Electrical Engineering,
University of Maryland, College Park, MD, *Anatomy and
Neurobiology, University of Maryland, Baltimore, MD, *Institute
for Systems Research, University of Maryland, College Park, MD

Using tungsten electrodes, extracellular field potential recordings were
obtained within neuronal columns of the Primary Auditory Cortex (Al)
of barbiturate-anaesthetized ferrets (Mustela Putorius), in response to
monaurally presented acoustic clicks and simple tones. Starting from
the pial surface the electrode tip was advanced downward in increments
of 100 um to 1000-1500 um.

The analysis uses Current Source Density (CSD) methods to estimate
the underlying laminar current sources, and Independent Component
Analysis (ICA) to remove neural noise and to separate different sources
and their independent time activation waveforms. Extended ICA
compensates for super- and sub- gaussian waveform distributions by
using natural gradient extensions, and thus appropriate for neural
statistics.

The current-density components obtained suggest the existence of two
distinct functional populations of columnar cortical neurons: One supra-
granular, concentrated in the superficial layers I/III that gives rise to a
strong polarity reversal at those layers, and another granular/infra-
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granular residing in the middle cortical layers III/IV. The supra-granular
population is characterized by short-latency/small-duration biphasic
activation, whereas the granular/infra-granular one exhibits a mix of
short/small-latency and slow/long duration excitation activations. The
first activation pattern is typical of thalamic afferents, suggesting direct
thalamocortical projections to the superficial cortical layers, whereas
the latter suggests a mix of direct thalamocortical projections and
slower polysynaptic cortico-cortical projections from the supra-granular
neurons, as well as possibly within the granular/infra-granular
population itself. These results indicate a vertical cascade of excitatory
activation at the evoked potential onset.

Response Characteristics of Layer V Neurons in Rat
Primary Auditory Cortex

#Jeremy Gene Turner', Larry F. Hughes?, Donald M. Caspary'
'Pharmacology, Southern Illinois University School of Medicine,
Springfield, IL, “Center for Alzheimer Disease & Related
Disorders, Southern Illinois University School of Medicine,
Springfield, IL

Layer V pyramidal cells comprise the major output of primary auditory
cortex (Al). Two distinct pyramidal cell types can be distinguished by
their morphology, connectivity, and in vitro physiology. One cell type is
characterized by robust excitatory responses and is a primary source of
corticofugal projections. The second type is characterized by strong
inhibitory influences (which can be released by intracellular application
of chloride channel blockers) and corticocortical and corticocaudate
projections. It is presently unclear whether these two cell types can be
distinguished by their extracellular responses to acoustic stimuli in vivo.
Preliminary single unit data (N=46) from Al in young adult
anesthetized rats revealed two distinct layer V response types.
Approximately 1/3 of the neurons demonstrated strong monotonic
responses that resembled a slightly higher threshold pattern of response
map observed for lower auditory structures. Response maps for these
neurons (discharge-rate as a function of 40 stimulus frequencies and 18
intensities) showed low-side sloping V-shaped excitability, and were
relatively unchanged across the three sequential response map
repetitions run on each neuron. The remaining 2/3 of the neurons
demonstrated a variety of response map patterns characterized by strong
inhibition, including nonmonotonicity and sideband inhibition. In
addition, best frequency for these units tended to vary from one
repetition to the next and in some cases even changed from strong
excitation to strong inhibition on successive response maps. The two
general categories of response maps discussed here appear congruent
with the two types of layer V neurons described in slice preparations.

Supported by NIH grant DC00151

Response Properties of Neurons in Core and Medial
Belt Auditory Cortex of Marmoset Monkeys

#Yoshinao Kajikawa',Lisa de la Mothe', Suzanne Blumell?, Troy
Alan Hackett® 'Psychology, Vanderbilt University, Nashville,
TN, *Hearing & Speech Sciences, Vanderbilt University,
Nashville, TN

The functional organization of the belt areas caudal and medial to the
primary (core) region of auditory cortex in monkeys has not been the
subject of intensive study. In a series of experiments to explore the
architecture and connections of the medial belt areas in the common
marmoset (Callithrix jacchus jacchus) (de la Mothe et al, Soc. Neurosci.
Abstr., 2002), the response properties of neurons in these areas were
also studied. Multiunit recordings were obtained under light isoflurane
(4 cases) or intravenous ketamine infusion (3 cases). The stimulus
battery consisted of the following: 1) pure tones to obtain frequency
response area (FRA) (29 frequencies, 0.3 to 40 kHz; 8 intensities, -10 to
60 dB SPL, 50 ms duration); 2) broad band noise (BBN; -20 to 60 dB
SPL, 10 dB steps; 50 ms duration); 3) FM sweep trains modeled after
twitter calls (1, 2, 4, 6...24 Hz; 2.0 or 6.0 kHz start frequency, 267
kHz/s; 50 or 30 ms duration); 4) twitter calls (3 exemplars, courtesy X.
Wang). Neurons in the core and belt areas were responsive to all
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stimulus categories. Tonotopic gradients in the caudal belt mirrored Al
Tuning bandwidth and response thresholds for tones were typically
higher in the belt. Suppression of activity after the onset response was
more often observed for belt neurons, especially for BBN and higher
intensity pure tones. This suppression tended to reduce response
synchrony to FM sweep trains and twitter calls, as did spectral
mismatch between the FM stimulus and the FRA. Most clusters in the
core exhibited little suppression, maintaining periodic responses for FM
sweep trains through 24 Hz. The spectrotemporal response profiles of
core and medial belt neurons were consistent with anatomical
distinctions between these fields.

Functional Organization of Cortical Field Al in the
Common Marmoset (Callithrix jacchus)

Steven W. Cheung', Ralph E. Beitel', Xiaogin Wang?, *Benedicte
Philibert’, Ben H. Bonham', Sirkantan S. Nagarajan', Michael
M. Merzenich', Christoph E. Schreiner' 'Otolaryngology,
University of California, San Francisco, CA, 2Department of
Biomedical Engineering, Johns Hopkins University, Baltimore,
MD

The common marmoset is an attractive model for studies on the role of
the primary auditory cortex (Al) in auditory perception and learning.
The representation of sound frequency from about 1 -12 kHz is
accessible on the lateral surface of the temporal gyrus, and marmoset
vocalizations contain energy within that frequency range. Moreover,
this species can be trained to discriminate auditory cues. To investigate
sound processing in the marmoset Al, our approach in this study used
pure tones to determine the topographical representations of the
characteristic frequencies (CFs), the response thresholds at CF, the
minimum latencies at CF and the bandwidths (BWs) of spectral
receptive fields (SRFs). Tone pips (50 ms duration; 675 intensity-
frequency combinations) were delivered free-field, and seven
hemispheres in four monkeys were densely mapped using metal
microelectrodes. Preliminary results showed a clearly defined tonotopy
in each hemisphere, with low to high frequencies represented
rostroventrally to caudodorsally on the lateral surface of the temporal
gyrus. Topographies for response thresholds and excitatory bandwidths
at 30 dB above threshold covaried with the CF gradient: Low CFs were
associated with higher thresholds and broader BWs; high CFs were
associated with lower thresholds and narrower BWs. The
representations of minimum latencies varied across monkeys and
apparently were independent of the other response parameters. Our
results are consistent with findings observed in the cat, the squirrel
monkey and the owl monkey, which suggest that a graded, distributed
representation of important SRF characteristics is a basic organizing
principle in the mammalian Al

Supported by NIH 5 PO NS34835.

Spatial Organisation of Response Properties in the
Primary and the Caudomedial Field of Monkey's Auditory
Cortex

#Flena Selezneva, Henning Scheich, Eike Budinger, Michael Brosch
Auditory Learning and Speech, Leibniz Institute for
Neurobiology, Magdeburg, Germany

The response properties of neurons and their spatial organisation in the
auditory cortex of monkeys are only partly known. For example it is
well established that the best frequency (BF) is topographically
distributed in primary auditory cortex (A1), while this is less clear for
the caudomedial field (CM). This study aimed at finding differences
between Al and CM of primates.

We used a 7-electrode array and recorded at many sites multiunit
activity and field potentials from upper layers of the auditory cortex in 4
anesthetised monkeys (Macaca fascicularis). At each site, response
properties were measured by presenting pure tone bursts with
frequencies from 0.1 to 32.0 kHz. The BF of a site was determined by
finding the tone that elicited the maximal amplitude of the field
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potential and the tone that elicited the maximal number of spikes. At
most recording sites the BF of the field potential and the BF of the
multiunit response were similar. In A1 and CM amplitude and latency
of responses were in largely overlapping ranges. In A1 the BF was quite
orderly distributed with a monotonic gradient that changed from lower
values (0.1 kHz) to higher values (24 kHz) in rostrolateral direction. In
CM the gradient was inverted and the distribution was less orderly.
These findings suggest that different auditory fields are functionally
specialised with respect to the topographic arrangement of response
properties rather than by the range of response properties.

Tissue Reaction to Chronic Cortical Placements of
University of Michigan Neuroprobes

#arta Dzaman', Jim A Wiler!, Jamille Hetke?, David J Anderson?,
Richard A. Altschuler® 'KHRI, University of Michigan, Ann
Arbor, MI, 2EECS, University of Michigan, Ann Arbor, MI,
*Kresge Hearing Research Institute, Dept. of Otolaryngology /
Head Neck Surgery, University of Michigan, Ann Arbor, MI

Silicon substrate, University of Michigan neuroprobes are being
increasingly utilized for multichannel recording in the auditory
pathways. There are still many challenges, however, for their use in
chronic placements to enable recording the same neuronal populations
over time. We have therefore examined tissue reaction at different
times following a chronic placement of these probes in the guinea pig
auditory or visual cortex. Recordings were made to verify placements
and characterize site function over time. Histological assessments were
made using plastic sections through the probe tract as well as
immunocytochemistry on cryostat sections. Only a small rim of tissue
reaction, typical of wound healing, was observed around the probe
tracts. Normal appearing neurons were seen adjacent to the tracts.
Vimentin (an intermediate filament marker for epithelial cells)
immunoreactive (IR) staining was first to appear around the probe tract,
forming the innermost layer of the tissue envelope around the probe
shanks. This suggests that epithelial cells are either pushed down
during the placement or migrate down from the meninges shortly after
placement. A second layer of glia, marked by IR staining for glial
fibrillary acidic protein (GFAP) forms shortly after and increased over
the early course of placement, forming the second layer of the tissue
envelope. A neuronal contribution, as marked by neurofilament IR
staining, was an inconsistent feature of the tissue envelope, around less
than 50% of the probe shanks assessed, also varying along the length of
the probe shank. IR staining for the extracellular matrix protein,
fibronectin was often seen in association with the probe tract. This is
likely a product of the epithelial cells of the tissue envelope surrounding
the probe. In some case it formed a "path" suggesting there was
migration of the probe through the tissue.

Supported by: NCRR Grant PAl RR 09754

Imaging the Internal Architecture of Auditory
Cortical Gray Matter in Living Humans

#[rina S. Sigalovsky' Bruce Fischl?, Lawrence L. Wald?, Anders
M. Dale?, Jennifer R. Melcher® 'Speech and Hearing Bioscience
and Technology Program, Harvard/MIT Division of Health
Sciences and Technology, Cambridge, MA, *Martinos Imaging
Center, Mass. General Hospital, Charlestown, MA, 3Eaton-
Peabody Laboratory, Mass. Eye & Ear Infirmary, Boston, MA

An obstacle in relating structure to function in human auditory cortex
has been the inability to anatomically delineate cortical areas in vivo, in
individual subjects. Here, we are exploring ways to differentiate
anatomical areas in living subjects using submillimeter MRI and 3D
structural analysis techniques. Specifically, we examined several
features of gray matter architecture (thickness, myelination and laminar
structure) that are known to distinguish major divisions of human
auditory cortex, but have previously been resolved only in postmortem
tissue. Our results showed that gray matter thickness is low (~2.2 mm)
on the posteromedial aspect of the temporal lobe (vicinity of primary
auditory cortex), and increases laterally and anteriorly within non-
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primary areas (to ~2.6 mm; 9 subj.). Additional analyses of the gray
matter in one subject showed changes in MR parameter T1 consistent
with greater myelin content in the vicinity of primary auditory cortex
than in more lateral non-primary areas. Examinations of gray matter
laminar structure revealed a dense band of myelination (which likely
corresponds to layer IV) in non-primary cortex of the superior-temporal
gyrus. These patterns of gray matter thickness, myelination and laminar
structure are broadly consistent with descriptions of primary and non-
primary areas based on histological material. This suggests that it may
be possible to delineate auditory cortical areas in vivo using classical
anatomical criteria. Combined with functional neuroimaging, such
delineations would enable cortical neuroanatomy and function to be
related directly in individual humans in ways that have so far only been
possible in animals.

NIH/NIDCD PO1DC00119, Martinos Scholarship

Is it Tonotopy after All?

#arc Schonwiesner’,D.Y.von Cramon® R. Riibsamen' 'Dept. of
Zoology, University of Leipzig, Leipzig, Germany, “Dept. of
Neurology, Max-Planck-Institut of Cognitive Neuroscience,
Leipzig, Germany

We report experiments on the functional organization of the human
auditory cortex using functional magnetic resonance imaging. With an
epoch-related design, consisting of alternating periods of auditory
stimulation at four different frequencies and resting periods, we were
able to demonstrate several frequency-dependent activation sites on the
surface of the auditory cortex in individual subjects. We propose an
interpretation of this activation pattern that differs from that of other
recent fMRI studies. It is argued with regard to the results of
electrophysiological and cytoarchitectonic studies in humans and in
non-human primates,that the multiple frequency-dependent activation
sites found in the present study as well as in other recent fMRI
investigations are no direct indication of tonotopic organization of
cytoarchitectonically defined areas. Differences in the response
properties of medial compared to lateral and frontal compared to
occipital portions of Heschl's gyrus (HG) strongly support this notion.
The second aspect of the present study is a methodological and
anatomical consideration. The individual gyral pattern of the superior
temporal plane, especially the anatomy of Heschl's gyrus (HG), was
found to be the major source of inter-individual variability. This
variability represents a severe problem in studies of subject groups
because one can neither get over it by the ubiquitous talairach transform
nor by brain warping. We propose a new second-level analysis to
account for the anatomical variability based on the idea that gradients of
cortical activation strength are likely to follow individual anatomical
landmarks. We tracked the frequency responsiveness to the four
stimulus frequencies along individual Heschl's gyri. This procedure
yielded medio-lateral gradients of responsiveness (which we termed
frequency profiles) to high frequencies medially and low frequencies
laterally.

Simultaneous High Density Evoked Potential
Recordings and 3T fMRI Acquisition.

#Carrie Jane Tobolski’, Curtis W. Ponton’, Bradley G. Goodyear”,
Jos J. Eggermont® 'Psychology, University of Calgary, Calgary,
AB, Canada, *Software Development, Neuroscan Labs, El Paso,
TX, *Seaman Family MR Research Centre, University of
Calgary, Calgary, AB, Canada, *Psychology, University of
Calgary, Calgary, Alberta, Canada

The purpose of this investigation was to determine the feasibility of
recording evoked potentials from a high density electrode montage
while simultaneously performing functional magnetic imaging at 3
Tesla. Nine normal hearing adults participated in this study. Data were
collected using a sparse sampling sequence. Thus, auditory stimuli were
presented to one ear and evoked potentials were recorded from 128
scalp electrodes. Functional MR images were collected at a time
empirically determined to correspond to the peak of the hemodynamic
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response to the stimuli, and again once the response had dissipated.
Results demonstrated that sufficient signal-to-noise is maintained in the
functional images to localize activations produced by unilateral acoustic
stimulation to the contralateral superior temporal plane. Analyses of the
evoked potentials revealed both consistencies and differences with the
fMRI data. Correspondence was observed in the location of activation
for the hemisphere contralateral to the stimulated ear. However, the
evoked potential data also showed evidence of a significant activation
of auditory cortex ipsilateral to the stimulated ear, which was not
observed in the fMRI data. These findings indicate that co-registered
high-field fMRI and high density evoked potential recordings are
possible and achievable. The data collected suggest that evoked
potentials and fMRI are complimentary brain imaging techniques that
when used in combination, improve our understanding of both timing
and location of activity in the central auditory system.

@ Tonotopic Organization of The Auditory Cortex for
High Frequency Tones

#,ionel Collet', Damien Gabriel', Evelyne Veuillet', Arnaud
NORENA', John D. Durrant?, Richard Ragot’, Denis
SCHWARTZ?, Antoine Ducorps® 'Neurosciences et Systémes
Sensoriels, UMR CNRS 5020, LYON, France, Metropolitan,
“Communication Science and Disorders, University of Pittsburgh,
Pittsburgh, PA, SLENA, UPR CNRS 640, PARIS, France

It has been known that sounds activate specific areas of the cochlea
according to their frequency. This tonotopy also exists throughout the
auditory pathway up to the primary auditory cortex (PAC). In human
beings, investigation was hindered by the fact that the techniques used
to record the cortical activity were invasive. A breakthrough came with
the development of non-invasive measurement techniques. Most of
these techniques, however, only study the tonotopic organization of the
PAC up to 6 kHz.

In this study we examine whether high frequency sounds (i.e higher
than 6kHz and up to 12 kHz) are also organised tonotopically in 11
normal-hearing subjects using a 151-channel-whole-head magnometer.
For each frequency, the dipole location, latency and amplitude of the
N100m wave according to the side of stimulation and the hemisphere
studied were studied.

We observed that various parts of the PAC do specifically encode low
and high frequency sounds. The organization, however, differs
according to the hemisphere studied and the kind of stimulation applied.
Thus, following contralateral stimulation, the generators of the N100 m
wave in the left hemisphere are located both more posteriorly and more
medially with increasing stimulus frequency, whereas in the right
hemisphere the generators are located more posteriorly but more
superiorly with increasing stimulus fequency. Following ipsilateral
stimulation, no clear tonotopic organisation could be observed in either
hemisphere.

Furthermore, the amplitude of the N100m wave also varied according to
stimulus frequency,

and the location of the N100n generators in both hemipheres differing
slightly according to the side of stimulation.

Our findings suggest that the PAC is tonotopically organised from low
to high frequency sounds in both hemispheres. N100m wave generators
also seem to differ according to the kind of stimulation, which may
indicate the existence of several tonotopic maps in the PAC.

@l Distinct Representations of Pitch Chroma and Pitch
Height in the Human Brain

*Jason Donald Warren, Stefan Uppenkamp, Roy Patterson, Timothy
David Griffiths Wellcome Department of Imaging Neuroscience,
UCL, London, United Kingdom

Pitch is a complex percept that can be modelled as having two distinct
dimensions: chroma and height. Pitch chroma (note letter in music) is a
basis for acoustic patterns that do not depend on the particular sound
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source. In contrast, pitch height is a basis for the segregation of acoustic
patterns early in the analysis of distinct sound sources. In this
functional magnetic resonance (fMRI) experiment, we demonstrate
distinct mapping of these two types of pitch change in the human brain:
chroma change is specifically represented anterior to primary auditory
cortex (PAC), while height change is specifically represented posterior
to PAC.

Different Lateralization of Spectral and Virtual Pitch
Processing in Human Auditory Cortex

#Holger Schulze', Simone Kurt!, Henning Scheich', Robert J.
Zatorre® 'Auditory Plasticity and Speech, Leibniz Institute for
Neurobiology, Magdeburg, Germany, “Montreal Neurological
Institute, McGill University, Montreal, Canada

Complex harmonic sounds elicit a percept with a pitch that corresponds
to the periodicity of the sound. This is still the case when a number of
lower harmonics are not contained within the signal (= pitch of the
missing fundamental, periodicity pitch, virtual pitch). However, the
pitch percept may be ambiguous: depending on the subjects attention it
may correspond either to the periodicity or the spectral content of the
sound. Using fMRI we investigated the differences between spectral
and virtual pitch processing in human auditory cortex (AC).

Sequences of three amplitude modulated tones (AM), where the spectral
content was changed either in the same or the opposite direction as the
periodicity, were presented to a total of 10 subjects. Subjects were
asked to focus their attention either on the spectral or virtual pitch and
had to report whether the pitch change of the AM sequence was
upwards or downwards. Behavioral performance of all subjects was
above 90% correct responses for both attentional conditions. Although
the AC showed strong activations in both conditions, the spectral pitch
condition showed significantly stronger activations in right secondary
AC (Gyrus temporalis superior, Area 42, 22) and right Area 40, whereas
the virtual pitch condition gave significantly stronger activations in left
secondary AC (Area 42) and left Areas 20 and 21 (Gyrus temporalis
medius and inferior). Note that the stimulus material was identical in
both conditions. Therefore it seems that a top-down process, which may
be reflected in additional activations we observed in several locations of
left prefrontal and left limbic association cortex, selectively activates
cortical areas responsible for spectral and virtual pitch processing,
respectively. These activations are not only located in different
hemispheres (spectal pitch: right, virtual pitch: left), but also include
different cortical areas.

Representation of Complex Sounds in Auditory
Thalamus, Primary and Non-Primary Cortex

#Pritesh K Pandya', Daniel L Rathbun', Navzer D Engineerl, Raluca
Moucha', Robert L. Rennaker?, Michael P. Kilgard1 1Cognition
and Neuroscience, University of Texas at Dallas, Richardson,
Texas, *Aerospace and Mechanical Engineering, The University
of Oklahoma, Norman, OK

Little data exists on how spatiotemporal inputs engage the central
auditory system particularly in the thalamus and cortex of non-specialist
mammals. In this study, we characterized neural representations of the
thalamus, primary auditory cortex (Al), and posterior auditory field
(PAF) to broad classes of spatially and temporally distributed sensory
nputs.

We systematically mapped thalamic and auditory cortical areas using
extracellular recording technique under barbiturate anesthesia in adult
rats to study the robustness of distributed responses to complex input
signals. Our stimulus repertoire included a wide range of sounds with
varying degrees of spectral and temporal complexity (e.g. tones,
modulated trains of tones and noise, monkey vocalizations, & human
speech sounds). In addition to traditional frequency tuning curve
analysis, population PSTHs and neurograms were computed and
compared.
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The spatiotemporal discharge patterns of both thalamic and A1 neurons
was related to the spectrotemporal acoustic input pattern. In contrast,
PAF neurons exhibit a degraded representation of vocalization sounds
and their variants. Response strength to vocalization stimuli was
strongest in the thalamus, followed by Al and then PAF. These
experiments reveal the transformation of the spectral and temporal
precision of MGB, A1, and PAF neurons responding complex sounds.
These results will serve as control data for neural plasticity studies
designed to examine how long-term sensory experience with
spatiotemporal inputs alters thalamic and cortical responses.

Supported by R03-DC04534-02 (MPK), F31-DC005285-01 (PKP), and
the American Academy of Audiology Student Investigator Award (PKP)

@ The Effects of Various Periodic Stimuli on the
Envelope Following Response (EFR) from the Inferior
Colliculus and Auditory Cortex of the Chinchilla

*Kathleen Marie Szalda, Yu-qing Guo, Robert Burkard Center for
Hearing & Deafness, University at Buffalo, Buffalo, NY

Adult chinchillas were used to examine the effects of periodic stimuli
on the Envelope Following Response (EFR) in the inferior colliculus
(IC) and auditory cortex (AC) of the chinchilla. Ketamine/acepromazine
was used to anesthetize the animals while tungsten electrodes were
chronically implanted. After a recovery period, the chinchillas were put
in a restraining device and placed in a sound-attenuating chamber.
Stimuli were presented to the left ear, while recordings were made from
the right IC and AC. Stimuli consisted of noiseburst (0 ms risetime; 2
ms plateau), 2kHz tonebursts (2 ms cosine-squared risetime; 1 ms
plateau), and two-tone stimuli with F1 remaining constant at 2000 Hz
and F2 varying between 2019.5 and 2312 Hz. Presentation rates of the
noiseburst and toneburst stimuli varied between 19.5 and 312 Hz.
Stimuli decreased from 80 to 40 dB SPL in 20 dB steps. Data was
analyzed by recording both the overall RMS amplitude, as well as the
spectral peak at the modulation frequency, and constructing a
modulation rate transfer function (MRTF) for both of these measures.

In the IC and AC, overall RMS and spectral peak amplitude decreased
as the intensity level decreased for all of the stimulus conditions. In
addition, the greatest EFR amplitude was found for the noiseburst
condition, followed by the 2 kHz toneburst condition, with the two-tone
stimuli producing the smallest EFR amplitude. IC responses produced a
bandpass MRTF, with a peak occurring at either 78 or 156 Hz. In the
AC, using RMS amplitude, noiseburst and toneburst stimuli produced a
low-pass function, while the two-tone stimuli produced a peak at 78 Hz
for all stimulus levels. In the AC, spectral analysis revealed a clear peak
in the MRTFs at 78 Hz for all of the stimulus conditions.

Supported by NIH NIDCD DC03600

The Effects of Nembutal Anesthesia on the Auditory
Steady State Response (ASSR) from the Chinchilla Inferior
Colliculus and Auditory Cortex

*Kathleen Marie Szalda, Robert Burkard Center for Hearing &
Deafness, University at Buffalo, Buffalo, NY

In the present study, adult chinchillas were used to examine the effects
of sodium pentobarbital on the amplitude of the auditory steady state
response (ASSR) in the inferior colliculus (IC) and auditory cortex
(AC) of the chinchilla. The ASSR is a response that follows the
envelope of the stimulus. Tungsten electrodes were chronically
implanted following anesthesia with ketamine/acepromazine. After a
recovery period of approximately 1 week, the chinchillas were placed in
a passive restraining device and put in a sound-attenuating booth.
Recordings were made from the right IC and AC simultaneously, while
a two-tone stimulus was presented to the left ear. The stimuli consisted
of two equal-level tones (F1 and F2) that were mixed acoustically; F1
remained constant at 2000 Hz, while F2 varied between 2029 and 2249
Hz, in steps of ~20 Hz. The stimuli decreased in 10 dB steps from 80 to
30 dB SPL.
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In the IC, sodium pentobarbital caused an increase in ASSR amplitude
at difference tone (DT) frequencies at or below 90 Hz, while a decrease
was seen at DT frequencies at or above 90 Hz. For any given stimulus
level, modulation-rate transfer functions (MRTFs) showed a bandpass
function. Statistical analysis revealed a significant increase at two of the
DT frequencies below 90 Hz, and a significant decrease at several of the
DT frequencies above 90 Hz. In the AC, a decrease in amplitude was
seen for all of the DTs and at all stimulus levels. Generally, the MRTFs
showed a low-pass function. Statistical analysis revealed a significant
decrease at all of the intensity levels and several of the frequencies.

Supported by NIH NIDCD DC03600

Modulation Spectra of Natural Sounds.

*Nandini C. Singh, Frederic E Theunissen Psychology, UC
Berkeley, Berkeley, CA

We analyzed the joint temporal and spectral statistics of natural sounds
by calculating their modulation spectra. These modulation spectra are
obtained by calculating the two-dimensional Fourier transform of the
auto-correlation matrix of the sound stimulus in its spectrographic
representation. Since time and frequency are conjugate variables in a
spectrographic representation of sound, we show that that joint
modulation spectrum of sound occupies a restricted space and sounds
cannot have rapid temporal and spectral modulations simultaneously.
Within this restricted space, we show that natural sounds have a
characteristic signature. Natural sounds in general, are low-passed
showing most of their modulation energy for low temporal and spectral
modulations. Animal vocalizations and human speech are further
characterized by the fact that most of the spectral modulation power is
found only for low temporal modulation. We postulate that the auditory
system could exploit this statistical structure to obtain an efficient
neural representation of sound. To test such a hypothesis we create
synthetic sounds with identical first and second order statistics as
natural sounds.

Tuning for the Spectral and Temporal Modulations of
Song in Male Zebra Finches: Responses of Single Auditory
Neurons in the MLd, Field L and cHV to Complex Natural
and Synthetic Stimuli.

#Sarah M. N. Woolley', Thane Fremouw', Nandini C. Singh',
Frederic E Theunissen® 'Psychology, Univ. Calif., Berkeley,
Berkeley, CA, *Psychology, UC Berkeley, Berkeley, CA

In songbirds, specialized forebrain areas that control song learning and
production contain auditory neurons that respond preferentially to a bird
s own song. Lower in the auditory processing stream, neurons in the
forebrain region, Field L, show stronger responses to conspecific song
than to simple synthetic sounds with matched power spectra. We
studied the auditory response properties of neurons in the
mesencephalicus lateralis dorsalis (MLd), Field L and the caudal ventral
hyperstriatum (cHV) to determine if selectivity for the spectral and
temporal modulations of song exists and if it develops hierarchically
from midbrain to higher forebrain. In male zebra finches, we recorded
the extracellular responses of single neurons in MLd, Field L and cHV
to conspecific song, dynamic ripples containing only the spectro-
temporal modulations found in song but no phase information (song
ripples) and dynamic ripples containing all spectro-temporal
modulations (flat ripples). Responses were analyzed by calculating
spike rates and Spectro-Temporal Receptive Fields (STRFs). Results
suggest that, across all cells, mean spike rates do not differ to the 3
stimulus types. Analysis of STRFs for individual cells suggests that a
subset of neurons in all 3 auditory regions shows similar Receptive
Fields in response to song and song ripples but different Receptive
Fields in response to flat ripples. Responses to these complex stimuli
become progressively more nonlinear, more shaped by inhibition and
less temporally precise through the hierarchy. Findings suggest that
some neurons in all 3 auditory regions MLd, Field L and cHV are
selective for the spectro-temporal modulations found in conspecific
song.
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What does Precise Spiking in Al tell us about the
Structure of its Receptive Fields?

*Mounya Elhilali,Jonathan B Fritz, David J Klein, Jonathan Simon,
Shihab Shamma Neural Systems Laboratory, Electrical and
Computer Engineering, University of Maryland, College Park,
MD

Several recent investigations of cortical response characteristics have
demonstrated that most cells are unable to follow rapidly changing
stimuli (> 30 Hz) that evoke strong responses at all pre-cortical stages.
Yet, these same cells are capable of producing precisely timed spikes
(with millisecond accuracy) at stimulus onset and other instants
throughout the stimulus. In this study, we explored this paradox using
specially designed ripple stimuli that resemble broadband frozen noise
with a spectro-temporally modulated envelope. The stimuli are
constructed by adding hundreds of closely-spaced carrier tones with a
slowly drifting spectro-temporal profile. Using such ripples (or
combinations of ripples), it is possible to characterize the modulation
transfer functions of auditory cortical cells, and to measure their
Spectro-Temporal Response Fields (STRFs). Using these same stimuli,
it is also possible to observe the "fine structure" of the responses due to
the carrier tones or their interactions. We shall demonstrate in this
report the existence of this "fine structure". Specifically, we
demonstrate that some Al responses are locked to the stimulus carrier
with millisecond accuracy. This is likely to reflect auditory-nerve
responses to the interactions among the carrier tones of the ripples. The
results also suggest that the slow dynamics of the STRFs are an
emergent property of cortical circuits, especially its inhibitory inter-
neurons.

On-Line Spectro-Temporal Receptive Fields in the
Primary Auditory Cortex of the Behaving Ferret

*Jonathan B. Fritz, Sridhar Kalluri, Mounya El Hilali, Shantanu
Ray, David J. Klein, Jonathan Z. Simon, Shihab Shamma Neural
Systems Lab, ISR, University of Maryland, College Park,
Maryland

The auditory system naturally performs a wide variety of analyses on
incoming sound from the acoustic scene, and depending upon the
behavioral context or salient cues in an auditory task, can adapt cortical
neuronal response properties to optimize its performance. In order to
understand the role of dynamic change in auditory cortical function, and
its contribution to behavioral adaptive plasticity, it is important to
describe the magnitude and timecourse of these adaptive changes. We
designed a behavioral physiology paradigm to capture possible changes
in response properties by creating tasks in which the measurement of
the receptive field properties of the neuron occurs simultaneously with
task performance. We compared the cortical spectro-temporal receptive
fields (STRFs) in the awake but non-behaving (passive) ferret versus
STRFs measured while the ferret performed either a "temporal" or a
"spectral" auditory discrimination task. In our physiological
experiments, following isolation of an auditory responsive cortical
neuron, information was initially gathered in a passive stimulus
presentation condition and an STRF was derived using ripple stimuli.
Neuronal responses to the same stimuli were then measured in an active
behavioral condition. In the spectral discrimination task, ferrets were
trained to detect a tonal target against a background of reference ripple
sounds. In the temporal discrimination task, ferrets were trained to
discriminate between reference ripples and ripples with silent gaps. We
shall illustrate the shapes of the STRFs derived under the two
behavioral conditions and discuss their possible functional significance.
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@ Onset and Steady-State Spectrotemporal Sensitivity of
Neurons in Cat Primary Auditory Cortex.

*Pamela A Valentine, Jos J. Eggermont Psychology, University of
Calgary, Calgary, Alberta, Canada

The frequency-tuning curve is a static representation of the neuron's
sensitivity to stimulus frequency. Excitation and inhibition, which
determine the tuning properties, are dynamic activities, whose onset and
duration depend on synaptic properties. The temporal aspects of the
frequency sensitivity can be captured in the spectro-temporal sensitivity
(STS) for discrete single- or multi-frequency stimuli. STSs can equally
well be presented as the average PSTH following a specific tone pip or
as the average spectrogram of tone pip preceding a spike. The temporal
envelope of the stimulus ensemble tends to produce smoothing, as a
consequence the PSTH representation is more fine-grained than the
spectrogram representation. Here we compare STSs for 1/s and 20/s
single-frequency stimuli and for on average 20/s steady-state multi-
frequency stimuli (randomized chords) for 87 recording sites in primary
auditory cortex of cats, and assemble these in frequency-time tuning
curves. In 35% of the recordings the excitatory frequency-tuning curves
were very similar for single and multi-frequency stimuli, in the
remaining 65% the most common finding was an intensity independent
bandwidth for the multi-frequency stimuli. Part of this did result from
the higher stimulus repetition rate for these stimuli. The minimum
response latencies increased by less than 5 ms for repetition rates from
1/s to 20/s single frequency stimuli and considerably more for the
multifrequency stimuli (5-15 ms). In 672 estimated STSs, for multi-
frequency stimuli mostly presented at 55-65 dB SPL, we found lateral
inhibition combined with post activation suppression in 24% of the
cases, post-activation suppression only in 51 % , and in 25% only
excitation. We use this comparison to estimate the roles of adaptation
and lateral inhibition in the responses of cortical neurons, and to classify
cortical neurons into distinct groups.

Supported by AHFMR, CIHR, NSERC, Campbell McLaurin Chair for
Hearing Deficiencies.

@l Spectro-Temporal Features of the Auditory Cortex:
the Activation in response to Dynamic Rippled Noise

#Dave Langers', Pim Van Dijk®, Walter Backes' 'Radiology,
Maastricht University Hospital, P.O. Box 5800, Maastricht, 6202
AZ Netherlands, *Otorhinolaryngology and Head & Neck
Surgery, Maastricht University Hospital, Maastricht, Netherlands

The human brain is well trained to process speech, containing broad
spectro-temporal modulations. Some studies indicate that characteristics
of spectro-temporally modulated noise are topographically mapped onto
the cerebral cortex. Yet little is known about the function of the
different fields in the auditory cortex. In this experiment functional MRI
was used to investigate the activation induced in the human brain by
dynamic rippled noise.

Nine subjects with normal hearing were included. Auditory stimuli
consisted of 3.5 s rippled noise bursts with a dynamic spectral profile.
Four stimulus parameters were varied systematically (modulation
frequency, density and amplitude; and drift direction), and responses in
the auditory cortex were measured. Per subject a total of 240 MRI scans
was acquired using a sparse 7,* EPI-sequence. T-test statistics were
performed to test whether rippled noise led to more activation than the
pink noise baseline condition (p < 0.001).

fMRI is able to discriminate between the activation caused by pink
noise and rippled noise stimuli in the perceptually important range. All
subjects showed clear activation bilaterally in the superior temporal
cortex, showing multiple fields of activation that possibly correspond to
the location of functional fields. The extent and level of the activation
strongly depended upon the ripple parameters, in agreement with
psychoacoustical measurements. Furthermore, we found topographic
mappings of the optimal modulation density and frequency onto the
auditory cortex, indicating a functional hierarchical organization of the
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auditory cortex; phonetic spectral features being mainly extracted in
secondary cortex, and acoustic features in primary cortex.

@ Auditory Cortical Processing of Complex Time-
Varying Stimuli

#Anthony Boemio', Stephen Fromm?, Fatima Husain?, David Poeppell,
Allen Braun’ 'Biology, University of Maryland, College Park,
Maryland, INIDCD, National Institutes of Health, Bethesda,
Maryland

A novel acoustic stimulus with parametrically varying temporal
structure is introduced to study time-dependent auditory cortical
processing. Stimuli were nine seconds in duration, and comprised of
segments consisting of a sum of sinusoids with randomized amplitude,
phase, and frequency components drawn from a Gaussian distribution.
Six conditions were created by choosing Gaussian distributed segment
duration means of 12, 25, 45, 85, 160, and 300 ms. Manipulating the
starting (f1) and ending (f2) frequency of each segment, and the
segment ‘offset’ relative to its neighbor within a half-octave range
(1000-1500 Hz), produced three qualitatively different types of stimuli:
1) ‘Constant;’ f1 = f2 with no offset between segments, 2) ‘Tonal;” f1 =
2 with Gaussian distributed offsets, and 3) ‘FM;’ 1 swept linearly (and
randomly) upwards/downwards to f2 over the entire half-octave range.
All three stimulus types possess the same RMS power, and power
spectral density (over the nine-second stimulus duration), permitting
analysis of explicitly temporal processing. A single-trial event-related
functional magnetic resonance imagining (fMRI) design was employed.
Analysis consisted of categorical contrasts between each of the FM and
Tonal conditions and the Constant condition. Results show that 1)
activation increases with increasing segment duration, 2) there were no
significant differences between FM and Tonal responses, 3) areas STG
and superior aspect of MTG (STS) were the primary contributors to the
activation, and 4) different patterns of responses were exhibited in STG
and MTG.

Models of Population Dependence in Auditory Cortex

#Rick L. Jenison', Richard A Reale’ 'Department of Psychology,
University of Wisconsin, Madison, W1, 2Depar‘cment of
Physiology, University of Wisconsin, Madison, WI

We have shown previously the importance of considering the impact of
correlated noise on the location of sound sources by an ensemble of Al
cortical neurons (Jenison, JASA, 107: 414-421, 2000). Generally, the
concept of correlation has become almost synonymous with the concept
of dependence. Indeed, correlation does provide a correct and complete
picture of the underlying dependence structure for multivariate
Gaussian models. However, for non-Gaussian models (i.e. non-
elliptical distributions), correlation only conveys partial and often
misleading information on the actual underlying dependencies. It is
often the case that probability distributions other than the Gaussian are
necessary and appropriate to realistically capture the stochastic nature
of single neuron behaviors. In such cases, the construction of a flexible
model of covariance is typically not straightforward. In order to solve
this problem, we show here how appropriate probability densities can
be coupled to allow greater flexibility in the construction of multivariate
neural population models. Dependence relationships between cortical
neurons can be factorized into so-called "copulas", whose impact on
neural coding of spatial location can be directly analyzed using mutual
information.

Supported by NIH grant DC-03554.
[225] A Biologically-Plausible Code for Auditory Space
Using Relative Spike Times in Cat Auditory Cortex.

*G Christopher Stecker, Brian J. Mickey, Ewan A. Macpherson,
John C Middlebrooks Kresge Hearing Research Institute,
University of Michigan, Ann Arbor, MI

In cat auditory cortex, response latencies relative to stimulus onset
convey significant amounts of information about the locations of sound
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sources. Recent work in our laboratory shows that latencies in cortical
field PAF are particularly sensitive to stimulus location—varying by 20
ms or more across space, compared to ~4 ms in Al and ~9 ms in A2.
Nevertheless, latencies relative to stimulus onset would be of no
behavioral or perceptual value without an external reference to the time
of stimulus onset. Here, we test a more biologically-plausible
hypothesis, that stimulus-related information is conveyed by the relative
timing of spikes between neurons.

We recorded simultaneously from pairs of neurons in PAF and/or Al.
80-ms noise bursts were presented from loudspeakers arranged in
azimuth and elevation; responses were converted to distributions of
between-unit interspike intervals (ISIs). We assessed the mutual
information of ISI and stimulus location using a pattern-recognition
algorithm, and found that pairs of units within PAF transmitted
significantly more information than pairs of Al units. Between-field
pairs (i.e., one neuron in PAF and one in Al) transmitted significantly
more information than pairs within either field alone. The results can be
described using a simple model in which PAF, but not A1, latencies are
magnified by early inhibitory processes. Although latencies in both
areas are modulated by stimulus location, the smaller range of Al
latencies provides a relatively stable reference to which the magnified
latencies of PAF can be compared. The model is general and predicts
similarly effective latency codes for other parameters related to stimulus
effectiveness, such as frequency and level.

Supported by NIDCD and NSF-DBI. Probes provided by UM CNCT
(NIH NCRR)

Responses to Binaural Beat Stimuli in the Primary
Auditory Cortex

#ark N Wallace, Trevor M Shackleton, Alan R Palmer ., MRC
Institute of Hearing Research, Nottingham, United Kingdom

Binaural beats, generated by presenting tones of different frequency to
the two ears (e.g. 800 and 801 Hz), can be used for investigating
sensitivity to the full range of interaural phase differences (IPDs). The
frequency difference corresponds to the beat frequency and below 4-6
Hz can evoke the sensation of sound movement in humans. Here
binaural beats were presented in a closed sound system to guinea pigs
anaesthetised with a ketamine/xylazine mixture. In the primary auditory
area (A1) 152 multi-unit clusters with characteristic frequencies of < 1.2
kHz responded to binaural beats with a rhythmic firing pattern
synchronised to the beat. For 89 of these units the mean IPD was
measured for a range of different tone frequencies. The resulting phase
plots were similar to those recorded at the midbrain and included both
linear (66) and non-linear (23) examples. The linear units had
characteristic delays of -850 to 1210 ps (mean 160 ps) with half (33/66)
within the physiological range (<300 ps). There was no evidence of
units with a similar characteristic delay being located in cortical
columns. Inverting the frequency difference at the ears reverses the
direction of the apparent motion. For most units (96/141) reversing the
direction made little difference to the vector strength, but for others
(45/141) there was at least a two-fold change. The asymmetries in the
responses to the two directions of beats appear to represent adaptation
effects and do not necessarily imply that the units are involved in
motion detection. There was no evidence of direction-sensitive units
being located in a specific layer or within columns.

Binaural Interaction in the Amplitude Modulation
Following Response (AMFR)

*Flint A. PBoettcher, Elizabeth A. Poth, John H Mills
Otolaryngology - Head & Neck Surgery, Medical University of
South Carolina, Charleston, SC

Amplitudes of auditory evoked responses typically differ for monaural
and binaural stimulation. These differences range from inhibition of the
amplitude of a response by addition of a contralateral stimulus to a
larger amplitude for binaural stimulation than that for the sum of two
monaural stimuli (i.e., the binaural interaction component or BIC).
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Responses generated in the brainstem tend to show a BIC whereas
inconsistent results have been reported for more centrally-generated
resposes such as the middle latency and late auditory responsese. The
amplitude modulation following response (AMFR) is a steady-state
response elicited with amplitude-modulated tones or transients
presented at specific rates. Here, we examine the effects of binaural
stimulation on the AMFR recorded from human subjects with normal
hearing. Stimuli were clicks (1-ms duration) presented at rates of 20 or
40/second. Stimuli were presented monaurally or binaurally. Binaural
stimuli were presented either simultaneously to the two ears (diotic) or
with a delay of between the ears (dichotic). The delay was 25 ms for
the presentation rate of 20 clicks/s and 12.5 ms for the rate of 40
clicks/s. For monaural presentations, the largest responses occurred for
presentation rates of 40 clicks/s. A small 40-Hz response component
was observed in the monaural presentation of 20 clicks/s. No BIC was
observed for diotic stimuli presented at 20 or 40 clicks/s. Dichotic
presentation at 20 clicks/s elicited a 40-Hz response which was equal in
amplitude to that elicited by monaural presentation of 40 clicks/s. Thus,
the auditory cortex, the probable generator of the 40-Hz AMFR, is
capable of producing a robust 40-Hz response with either monaural
stimulation or binaural stimulation which adds to 40 Hz.

Binaural Interaction in the Human Auditory Cortex
Revealed by Neuromagnetic Frequency-Tagging: Effects of
Stimulus Intensity

#Ken—ichi Kaneko', Nobuya Fujiki®, Riitta Hari' 'Brain Research
Unit, Low Temperature Laboratry, Helsinki University of
Technology, Helsinki, Finland, 2Department of Otolaryngology,
Otsu Red Cross Hospital, Otsu, Japan

Frequency-tagging associated with magnetoencephalographic (MEG)
recordings has been recently introduced as a new tool to study
contributions of each ear to binaural interaction in the human auditory
cortex (Fujiki et al., J Neurosci 2002, 22, RC205: 1-4). As the method
has potential for assessing plastic changes in patients with unilateral
hearing deficits, we studied 10 healthy adults to find out effects of
stimulus intensity on binaural interaction. Cortical auditory steady-state
fields (SSFs) were measured with a 306-channel whole-scalp
neuromagnetmeter to stimuli presented monaurally or binaurally at 45,
60 and 75 dBSL. Amplitude-modulated sounds (carrier frequency 1
kHz) were presented with modulation frequencies of 39.1 Hz to the
right ear and 41.1 Hz to the left. During binaural listening, SSFs of both
hemispheres were suppressed more to ipsilateral than contralateral
input. Compared with monaural stimulation, the contra/ipsilateral-
hemisphere ratio of SSFs increased to both inputs (p < 0.01 to the left-
ear input, p < 0.001 to the right). Thus, the hemispheric contralaterality
was enhanced during binaural listening to inputs from both ears. Similar
patterns of binaural interaction were observed at all 3 stimulus
intensities. We hope these data to be useful in examining patients who
suffer from auditory disorders as well as in revealing basic mechanism
of human auditory processing.

Spatial Hearing in Patients with Acquired Brain
Lesions affecting Primary Auditory Cortex

*Manon Grube',D.Y. von Cramon®, Rudolf Riibsamen' 'Zoology
Dept., University of Leipzig, Leipzig, Germany, “Day Care Clinic
for Cognitive Neurology, University of Leipzig, Leipzig,
Germany

Different studies yielded controversial results regarding the principle
role of primary auditory cortex (PAC) in spatial hearing. In animals,
cortical single units with panoramic response characteristics and peak
responses located in the contralateral hemifield were recorded. In
neuropsychology, the two prevailing hypotheses on auditory space
perception suggest dominant representations of the contralateral
hemifields or a general right-hemisphere dominance. However, most of
the evidence stems from lateralization, i.e. headphone experiments, or
from studies in patients with lesions of higher cortical areas. In this
study, we aimed at the functional significance of PAC in sound
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localization. We investigated the ability to spatially segregate auditory
events in patients with acquired brain lesions by measuring minimal
audible angles in the horizontal plane. We applied an adaptive three-
alternative forced-choice paradigm, proven suitable for working with
neurological patients. Patients with lesions affecting left or right PAC
were tested with different reference directions and using stimuli of
different spectral composition. The patients' thresholds critically
depended on the site of lesion. Compared to data from control subjects,
spatial resolution was severely impaired in patients with lesions
affecting right PAC, while the performance of patients with left-
hemispheric lesions tended to be poorer in the right hemifield, if
impaired at all. These results support the functional importance of the
right PAC in human spatial hearing, and at the same time give evidence
for the hypothesis of contralaterally dominant representations at PAC
level.

Gradual Adaptation to Shifts in the Peripheral
Acoustic Frequency Map

#lario A. Svirsky', Shivank Sinha?, Heidi Neuburger3, Thomas M.
Talavage* 'Dept. of Otolaryngology-HNS, Indiana University,
Indianapolis, IN, ’EE Dept., Purdue University, Indianapolis, IN,
3Dept. or Otolaryngology-HNS, Indiana University, Indianapolis,
IN, “ECE and BME Depts., Purdue University, West Lafayette,
IN

It is generally accepted that cochlear implants (CI's) impose a basalward
shift to the acoustic input, that is, sounds stimulate neurons with higher
characteristic frequency than the acoustic frequency of the original
stimulus. This frequency misalignment may have a negative influence
on speech perception by CI users. However, a perfect frequency-place
alignment may result in the loss of important low-frequency speech
information. A trade-off may involve a gradual approach: start with
correct frequency-place alignment to allow listeners to adapt to the
spectrally degraded signal first, and then gradually increase the
basalward shift to allow them to adapt to it over time.

Two pairs of normal hearing listeners underwent 15 hours of speech
perception training and testing using a real-time acoustic model of a CIL.
This 8-channel model simulated different amounts of basalward shift.
Subjects were randomized either to the “gradual” group (who were
gradually exposed to a 6.5 mm basalward shift over the course of ten
sessions) or to the “fixed” group, who were exposed to the full 6.5 mm
shift since the beginning. Both groups underwent 15 1-hour sessions
using audiovisual speechtracking as well as vowel, consonant and
sentence recognition tests. For the second pair of subjects, three fMRI
recordings were conducted at the beginning, middle and end of the
study to assess changes in cortical activation in response to the CI
acoustic simulations with 6.5 mm shift.

Speech perception scores were initially much higher for the “gradual”
group, but by the end of the 15 sessions the “fixed” group had almost
caught up with them. Imaging results suggest that the behavioral
adaptation shown by increasing speech perception scores was paralleled
by increases in cortical activation of language areas. These results
suggest that the "gradual" method may result in faster speech perception
improvement by CI users than the "fixed" method currently used in
clinical practice.

@ Acoustic Simulation of Binaural Cochlear Implants:
Effects of Spectral Mismatch and Speech Levels

*Geraldine Nogaki, Qian-Jie Fu Department of Auditory Implants
and Perception, House Ear Institute, 2100 West Third Street, Los
Angeles, CA 90057

While normal-hearing listeners may take advantage of binaural cues for
recognition of speech in noise, cochlear implant listeners may be unable
to do so because of differences between electrode locations, auditory
nerve survival and signal processing in each ear. The present study
explores the effects of spectral mismatch and signal level difference on
speech recognition by normal-hearing subjects listening to a simulation
of binaural cochlear implants. For each ear, speech and speech-shaped
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noise were mixed and vocoder-processed into 4, 8, 16 or 20 channels to
simulate various degrees of spectral resolution. Sinusoidal carriers were
used and assigned to simulate basally-shifted, matched or apically-
shifted electrode locations, relative to the normal frequency-to-place
mapping. Baseline speech recognition thresholds (SRTs) were measured
for monaural and binaural presentations of all multi-channel processors
at the matched cochlear location. Binaural SRTs were slightly better
than monaural SRTs for the 8-, 16- and 20-channel processors. Binaural
SRTs were then measured by varying the relative cochlear location of
stimulation, while matching the presentation level between the two ears.
Scores were similar for all conditions, except when basally-shifted
speech was presented to both ears. Subjects attended to the ear with the
least shift in spectral information. Binaural SRTs were also measured
for basally-shifted speech in one ear, and apically-shifted speech in the
other; however, the presentation level of the apically-shifted speech was
varied relative to that of the basally-shifted speech. Even when the
presentation level of the apically-shifted speech was far below that of
the basally-shifted speech, listeners continued to attend to the apically-
shifted speech. These results suggest that spectral mismatches between
two cochlear implants may reduce any binaural advantages, as listeners
may attend only to the best-matched implant.

Work supported by NIDCD

Some Effects of Electrode Location on Cochlear
Implant Function

*Bryan E. Prfingst, Deborah J. Morris Kresge Hearing Research
Institute, University of Michigan, Ann Arbor, MI

A principal strategy for improving function of cochlear implants
involves positioning electrodes near the modiolar wall and thus,
presumably, as close as possible to auditory neurons. Beneficial effects
of this strategy have not been completely defined or clearly
demonstrated. This study is a part of a series aimed at understanding
the functional effects of electrode location using psychophysical and
neurophysiological studies in guinea pigs. The current experiment used
six-electrode banded animal implants (Nucleus, Ltd.). When inserted in
the basil turn of the scala tympani through a cochleostomy, the apical
end of this implant tended to lie near the modiolus while the basil end
lay near the lateral wall of the scala tympani. The current study
assessed psychophysical detection thresholds for stimulation at the
apical and basal ends of the implant under various stimulation
parameters. For short-duration pulses, thresholds for stimulation at the
apical end of the implant were consistently lower than those for
stimulation at the basal end. Magnitudes of the apical-basal difference
were similar to those for across-site variation in human subjects. The
magnitude and pattern of across-site variation observed depended on
stimulus parameters. The apical-basal threshold difference was greater
for tripolar and bipolar stimulation than for monopolar stimulation in
most cases. In addition the pattern for 100 Hz sinusoids was different
from that for short-duration pulses. These data are consistent with
models that account for across-site variability of thresholds in terms of
distance between the electrodes and the site of neural excitation, but the
site of excitation may depend on stimulation parameters. Future studies
will assess other functional correlates of these across-site differences.

Supported by NIH-NIDCD grants R01-DC03389 and R01-DC04312.
Electrode Placement Affects Current Paths in the
Implanted Cochlea

#Steven Vih Ho', Claus-Peter Richter” 'Otolaryngology,
Northwestern Medical School, Evanston, IL, 2Otolaryngology,
Northwestern Medical School, Chicago, IL

Steven Ho and Claus-Peter Richter

Northwestern Medical School, Department of Otolaryngology-, Head
and Neck Surgery, Chicago, Illinois.

This study explored the influence of reference electrode placement on
the current and potential-field distributions generated by a cochlear
implant. A Clarion HiFocus electrode was studied under different
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conditions. First, the effects of different reference electrode placements
on potential field and current distributions were evaluated in cochlear
models. Then, the HiFocus electrode was implanted in a human
temporal bone. The reference electrode was placed either outside of the
temporal bone, simulating a clinical cochlear-implant configuration, or
within the modiolus.

Cochlear-model results show clearly that voltage and current
distributions are greatly influenced by reference-clectrode placement.
Temporal-bone data demonstrate that when the reference electrode is
placed within the modiolus, current flow is facilitated through the
modiolus, where the target auditory neurons are located, rather than
shunted through scala tympani. Voltages recorded in the modiolus are
3-5 times higher than those recorded with the reference electrode placed
remotely outside of the temporal bone. These findings suggest that if
the reference electrode is located in the modiolus, the power required to
activate auditory neurons may be significantly lower compared to the
power requirement with the reference electrode located remotely.
Reduction of power consumption may increase battery life, and
minimize cochlear damage resulting from prolonged electrical
stimulation.

We thank Advanced Bionics for providing the Clarion HiFocus
electrode. Supported by the Evanston Northwestern
Healthcare/Evanston Northwestern Hospitals.

Electrode Discrimination of ,,Place-Pitch* with Deeply
Inserted Electrode Arrays and Its Relation to Speech
Recognition

*Uwe Baumann, Andrea Nobbe HNO/Audiologie, Klinikum
Grosshadern, Marchioninistr. 15, Muenchen, D-81377 Germany

Electrode discrimination ability (DA) was measured in twelve cochlear
implant patients implanted with the MED-EL Combi 40+ implant
device. The MED-EL Combi 40+ electrode array provides an especially
deep insertion in the cochlea and a wide spatial separation of the
stimulating electrodes of 2.4 mm. In a 2 AFC procedure three reference
electrodes located in the basal, middle and apical region of the cochlea
were compared with four respective surrounding electrodes. Each
condition was tested at three different pulse rates, 1515, 500 and 250
pps. The influence of electrode region in the cochlea, spatial separation
of the electrodes and stimulating pulse rate on DA was investigated.
The DA varied considerably among listeners. However, the overall DA
revealed that the position of the electrodes in the cochlea did not
influence the subjects’ performance. Further, DA increased with
increasing spatial separation. The DA results show no dependency on
stimulation pulse rate. DA was correlated with several parameters as
speech recognition scores, the duration of implant use, auditory
deprivation, range of the electrical stimulation level between hearing
threshold and maximum comfortable level (dynamic range), maximum
comfortable level and the pulse duration. Correlation of DA was found
with three different speech recognition scores and as high as 0.89 for
speech understanding in noise. A correlation of DA with dynamic range
was also shown. The results of this study indicate that residual spiral
ganglion cells in the apical region of the cochlea even close to the
helicotrema are sensitive for pitch changes provided by different places
of electrical stimulation. The ability of MED-EL Combi 40+ users to
differentiate among stimulation to different electrodes in terms of the
perception of the evoked pitch is a prerequisite to perceive the spectral
fine structure of speech.

@l Intensity Discrimination Using Bipolar and

Monopolar Electrode Configurations in Nucleus Contour®

Cochlear Implants

*fard K. Drennan, Bryan E. Pfingst, Li Xu Kresge Hearing Research
Institute, Univeristy of Michigan, Ann Arbor, MI

Intensity discrimination is vital for perceiving amplitude modulations in
critical environmental stimuli such as speech. Previous investigations
have shown that the ability of implant users to discriminate changes in
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current level improves with the increasing level. Broader electric fields,
which occur at higher current levels, activate more auditory neurons.
This might account for listeners’ abilities to discriminate smaller
changes in current level. It is hypothesized that monopolar (MP1+2)
electrode configuration will excite more neurons and therefore yield
smaller intensity discrimination thresholds than bipolar (BP)
configurations at a given loudness level. The ability of listeners using
Nucleus CI 24RCS contour implants to discriminate differences in
current level was investigated using the following independent
variables: a) electrode configuration (BP and MP1+2), b) longitudinal
electrode placement (sites 8 and 16) and c) reference stimulus level (5,
15, 25, 50 and 80% of the dynamic range). The ability to discriminate
changes in current level improved as a function of reference level
except for cases in which performance was exceptionally good. In this
case, a floor effect was observed due to the minimum current step in the
prostheses. No consistent effect of electrode configuration or
longitudinal electrode placement was found. Extensive differences were
observed within listeners relative to specific sites and configurations. In
future studies, these data will be compared to human and guinea pig
psychophysical measures and physiological measures in guinea pigs in
an effort to determine the mechanisms underlying the effects of current
level and electrode configuration.

Supported by NIH/NIDCD grants RO1-DC03808 and T32-DC0001 1.

Channel-Interaction With Dynamic Stimuli in
Cochlear Implant Listeners

*MHonita Chatter jee, Sandra Oba Auditory Implants and Perception,
House Ear Institute, Los Angeles, CA

A modulation-masking paradigm is being used to measure interactions
between dynamic signals on two channels of a cochlear implant. Carrier
stimuli on each channel are 500-Hz trains of biphasic current pulses at
50% of the dynamic range. The "signal" stimulates a fixed middle
electrode location. The masker is presented to different electrodes in
turn. Masker and signal pulses are interleaved in time. The subject's task
is to detect SAM at 50 Hz in the signal carrier, in the presence of a
competing masker. The masker envelopes are (all dynamic envelopes
have a fixed 20% fluctuation depth): SAM at 20, 50, or 125 Hz; SAM
at 50 Hz but out-of-phase with the signal SAM; Noise; Steady-state
(SS); Steady-state at the peak amplitude of the dynamic envelopes
(SSpeak). We find that modulation thresholds can be significantly
higher with the dynamic maskers than with the SS and SSpeak maskers.
We define the dB difference between modulation thresholds obtained
with the dynamic maskers and the SSpeak masker as the "envelope"
component of channel-interaction. This component can be as large as
10 dB and does not necessarily peak at the signal electrode location: in
several cases, it reaches a minimum at the signal location. There is a
strong dependence on the masker envelope. The 20 Hz modulated
masker is very effective at masking the 50 Hz modulation, often more
so than the 50 or 125 Hz modulated masker: possibly this dependence is
related to the lowpass modulation transfer function. When the masker
and signal are modulated at the same rate, their phase relationship has a
strong effect on the results. Compared with forward-masking patterns
obtained in the same subjects, these results suggest that channel-
interaction can be significantly altered by introducing dynamic elements
into the stimuli.

Work supported by NIDCD 1R01DC004786-01.
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The Relationship between Electrophysiologic and
Psychophysical Measures of Spatial Spread in Cochlear
Implants

#Michelle L. Hughes', Paul J. Abbas®, Carolyn J. Brown®
'Otolaryngology--Head & Neck Surgery, University of lowa,
Towa City, IA, “Speech Pathology & Audiology and
Otolaryngology, University of lowa, lowa City, lowa, *Speech
Pathology & Audiology, University of lowa, lowa City, A

Recent electrode designs have focused on placing the electrode array
closer to the modiolus in an attempt to reduce overlap of spatial
excitation patterns that result in channel interaction. Spatial excitation
patterns can be measured both electrophysiologically and
psychophysically; therefore these measures should be related. The goal
of this study was to examine the relationship between
electrophysiologic measures of spatial selectivity and the ability to
discriminate between electrodes in a psychophysical task.

Adult subjects implanted with either the Nucleus 24M straight array or
the Nucleus 24R(CS) Contour array participated in this study. For the
electrophysiologic portion of the study, the electrically evoked
compound action potential (ECAP) was measured using Neural
Response Telemetry (NRT). ECAPs were measured with a probe pulse
fixed on a given electrode while a masker pulse was sequentially
applied to all 22 intracochlear electrodes. The resulting function
provided a measure of spatial selectivity in the cochlea. For the
psychophysical portion of this study, subjects were asked to
discriminate between two electrodes on the basis of pitch. The gradient
of the psychometric function was then compared with the amount of
channel interaction as measured using the ECAP.

Data collected to date show a moderate to weak correlation between the
slope of the psychometric function and the amount of spatial selectivity
in the cochlea. Electrodes that demonstrated more restricted spatial
selectivity tended to yield better discriminability relative to adjacent
electrodes. In addition, electrode discrimination ability and amount of
spatial selectivity varied across electrodes within the array.

Supported by NIH/NIDCD Grant P50 DC00242

Prospective Evaluation of an Actuarial Procedure for
Determining Criteria of Candidature for Unilateral
Cochlear Implantation in Post-lingually Deafened Adults

#A Quentin Summerfield, David H Marshall Medical Research
Council, Institute of Hearing Research, Nottingham, United
Kingdom

Some candidates for cochlear implantation (CI) obtain benefit from
acoustic hearing aids. They need to know the likelihood of achieving a
better outcome with an implant. We developed an actuarial procedure to
make such predictions. Patients (n=376) were recruited who had used
an implant for >9 months. Their accuracy of identifying spoken words
was measured with audio recordings of BKB sentences. Patients were
ordered by duration of profound deafness before CI (D). A window was
placed to include the first 150 patients and their median value of D was
noted. These patients were re-ordered by BKB score and labelled with
their percentile rank (7). The data were re-plotted as the relationship
between each patient’s score (S) and the odds (O) that a randomly
selected patient would exceed that score, calculated as O=(100-r)/r. The
relationship was described with the function O=x,((100/S)-1)""
(Eqn. 1). The window was advanced in steps of 37 patients and the
analysis was repeated to form a sequence of values of D, x, and b.
Polynomial functions in D were fitted to x, and b, and were substituted
in Eqn. 1, creating a formula which calculates the odds of exceeding a
pre-operative score, given the duration of deafness of the ear to be
implanted. The formula was evaluated prospectively with 84 new
patients, each of whom scored above zero on the BKB test before CI.
Monte Carlo simulations predicted the proportion of patients who
would exceed their pre-operative score by amounts ranging from 0% to
50%. Predicted and observed proportions did not differ significantly.
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Benefit from CI was quantified as the gain in BKB Score and in health-
related quality of life. Patients with odds worse than 2:1 displayed little
benefit in either domain. Restricting CI to ears with odds of at least 2:1
would help maintain effectiveness. Specifying the criterion of
candidature in this way would be informative for patients.

Relationship Between ECAP and High Resolution™
Program Settings in Patients Using the Clarion® CII Bionic
Ear™

#fdward Holman Overstreet, Leonid Litvak, Jae Lee, Mike Faltys
Research and Development, Advanced Bionics Corporation,
Santa Clarita, California

The CII Bionic Ear™ is equipped with a differential amplifier that
allows the clinician to record electrically evoked compound action
potentials (ECAP). The utility of ECAP  measurements for fitting
cochlear implants

implementing conventional low-rate sound processing strategies has
been studied extensively, and the relationship between perceptual
loudness and neural response magnitude is not straightforward. It is
unknown how HiResolution™ sound processing, designed to deliver
high-rate stimuli in order to desynchronize neural responses to the
carrier, will relate to ECAP measurements generated by single pulse
stimuli that produce high neural

synchrony. This poster presents data comparing ECAP measures to
HiResolution™ program settings in CII users. Because HiResolution™
programs are created using an adaptive protocol that customizes
individual-patient program parameters, in most cases, CII users will
have HiResolution™ stimulating pulse widths that are different from
the pulse widths used to elicit the ECAP. In order to explore the
relationships between these stimuli, we also studied the ECAP and
loudness percepts elicited by constant charge pulses ranging in pulse
width from 11 to 75 microseconds. As a first approximation, the data
indicate that constant-charge pulses give rise to similar perceptions of
loudness and similar ECAP magnitudes. Thus, normalizing to constant
charge provides a way to compare various HiResolution™ program
levels to the ECAP.

Comparison of Stapedial Reflex and Neural Response
Telemetry -Programming Cochlear Implants

#arek Polak’, Annelle Hodges', John King', Jan Gilden?, Stacy
Butts', Walter McReynoldsz, Thomas Balkany ! 1Department of
Otolaryngology, University of Miami, Miami, FL, 2Cochlear
Implant Division, Houston Ear Research Foundation, Houston,
X

The goal of this study was to find the relative efficacy of two objective
measures that are available for use in programming the Nucleus 24
cochlear implant, and how these measures compare to the standard
behavioral programming technique. The objective was to determine the
relationships among Compound Action Potential (CAP) thresholds,
electrically elicited Stapedial Reflex thresholds (eSRT), behaviorally
determined thresholds (T) and maximum comfortable levels (C).

Twenty-five experienced subjects with the Nucleus 24 participated in
this study. Fourteen subjects used SPEAK and 11 subjects used ACE
coding strategy. CAP thresholds were recorded using the Neural
Response Telemetry (NRT) software (Cochlear Corporation, Denver
CO) and were compared with eSRT, C and T levels obtained for each
subject. These measures were compared for 5 or 6 pre-selected
electrodes that were evenly distributed across the electrode array. To
determine potential effect of speech-coding strategy, subjects were
grouped by strategy and compared.

Among subjects there were relatively small differences in correlation
between levels based on objective measurements (NRT thresholds or
eSRTs) and C levels. The overall correlation between C levels and
eSRTs was high (0.92.) The overall correlations for NRT thresholds
with C levels (0.77) and NRT thresholds with eSRTs (0.76) were
moderate. NRT thresholds showed the strongest correlation with C
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levels and eSRTs for the mid-array located electrodes. The relationship
between C levels and eSRTs was the strongest and showed the least
variation for the more apical electrodes. The correlation between NRT
thresholds and T levels was 0.69, whereas eSRT with T levels showed
the lowest correlation of 0.57. The mean eSRT was approximately 17.7
Programming Units (PU) higher than mean NRT threshold.

Relationship between Loudness, Electrical Stimulus
Charge, and Electrophysiological Measures in Med-El
Cochlear Implant Users

*lolfgang Gaggl, Jill Blair Firszt, Phillip A. Wackym Department of
Otolaryngology and Communication Sciences, Medical College
of Wisconsin, Milwaukee, W1

Loudness with cochlear implants using pulsatile stimulation is
dependent on stimulus amplitude, pulse rate, and pulse duration.
Studies suggest that loudness corresponds to the product of stimulus
amplitude and pulse duration (electrical charge) within certain ranges of
pulse rate and pulse-to-gap ratio. The present study investigates a) the
relationship between loudness, stimulus amplitude, and pulse duration
for different pulse rates, and b) the correlation of behavioral loudness
measurements with electrophysiological recordings.

Subjects were 12 adults implanted with the Combi40+ cochlear implant
(Med-El) who had used their implant for more than six months.
Behavioral loudness growth functions for different pulse durations and
rates were measured on several implant electrodes. Electrically evoked
auditory brainstem responses (EABR) were recorded and analyzed for
wave V amplitude and latency. The relationship between behavioral
loudness measurements and EABR wave V amplitude was investigated.
Furthermore, we hypothesized that a linear inverse relationship between
pulse duration and amplitude exists to evoke a constant loudness.

In this study, behavioral data supported the tested hypothesis. This
indicates that both a proportional change of either stimulus level or
pulse duration has a similar effect on changes in loudness. In general,
the same electrical stimulus charge on different implant electrodes
resulted in the same loudness, whereas wave V amplitude varied. The
correlation of behavioral results with electrophysiological results was
non-significant and considerable inter-subject variability was present.

Supported by Med-El Corporation and NIH/NIDCD K23DC05410

Voice Gender Discrimination and Vowel Recognition
in Normal-Hearing and Cochlear Implant Users

*Sherol Sussette Chinchilla, Qian-Jie Fu Department of Auditory
Implants and Perception, House Ear Institute, Los Angeles, CA

The perception of voice gender is dependent upon a number of acoustic
factors, including fundamental frequency, formant frequencies, and
breathiness while the recognition of vowels is mainly dependent on the
spectral cues. The present study investigated the relative importance of
temporal and spectral cues in voice gender discrimination and vowel
recognition in cochlear implant users and normal hearing listeners. A
simulation of cochlear implants using a noise-band vocoder created the
conditions for normal hearers whereas a normal voice condition was
used for cochlear implant users. The number of channels in the noise-
band processors ranged from 4 to 32 to systematically alter the spectral
cues. Two cutoff frequencies (50 Hz and 500 Hz) of the envelope
filters in the noise-band speech processors were used to determine the
temporal cues. Gender discrimination and vowel recognition were
measured as a function of the number of channels and the cutoff
frequency in both quiet and noise. For normal-hearing subjects, results
showed voice gender discrimination and vowel recognition scores
increased gradually when the number of channels increased at all
conditions. A significant improvement was observed when the cutoff
frequency changed from 50 Hz to 500 Hz. However, the difference
became smaller when the number of channels increased. There is huge
variability of voice gender discrimination and vowel recognition scores
among cochlear implant users. The relationship between vowel
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recognition scores and voice gender discrimination scores in both
cochlear implant users and normal-hearing subjects was also explored.

Work supported by NIDCD

Talker Discrimination by Adults with Cochlear
Implants

*Clement J McDonald, Karen 1. Kirk, Tim Krueger, Derek Houston, A
Sprunger Otolaryngology-Head & Neck Surgery, Indiana
University School of Medicine, 699 West Drive, Indianapolis, IN
46202

Speech simultaneously conveys linguistic information and talker-
specific or indexical information (e.g., age, gender, emotional state,
etc). Research with normal hearing (NH) listeners suggests that
encoding talker-specific speech information is important for interpreting
the linguistic content. Although cochlear implant (CI) recipients’ word
and sentence recognition skills have been studied extensively, little is
known about their ability to extract talker-specific information from
speech. This investigation examined cochlear implant users’ ability to
discriminate talker identity as a function of the linguistic content of the
stimuli and the talker gender.

21 CI users and 24 NH adults participated. They were presented with
pairs of words or sentences produced by 10 different talkers. CI
participants heard natural speech. The NH control group heard stimuli
that were processed using a 6 of 20 channel-picking strategy similar to
the SPEAK CI processing strategy. The participants were tested under
two linguistic conditions. In one, the linguistic content of each stimulus
pair was identical (e.g., cat-cat); in the other, the linguistic content of
each pair differed (e.g., cat-dog). Within each linguistic condition, the
same talker produced half of the stimulus pairs. In the remaining
stimulus pairs the talkers differed. Participants indicated whether the
pairs of stimuli were produced by the same or by different talkers.

Results revealed a similar pattern of performance for both groups.
Discrimination accuracy was significantly better when the same talker
produced both tokens in the stimulus pair. When the talkers differed,
performance was significantly higher for male-female talker pairs than
within-gender stimulus pairs. There also was a significant effect of
linguistic condition. That is, discrimination accuracy was better in
stimulus pairs where the linguistic content was held constant rather than
differed. Like NH listeners, CI users do not independently process
indexical and speech information.

The Investigation of the Binaural Effect in
Postlingually Deafened Bilateral Cochlear Implant Users:
Results of a Multi-Center Study

#Patrick S.C. D’ Haese', Peter Nopp?, Peter Schleich?, Amy L.
Barco® 'Clinical Research, MED-EL GmbH, Fuerstenweg 77,
Innsbruck, Tirol 6020 Austria, °R & D, MED-EL GmbH,
Innsbruck, Tirol Austria, >Clinical Research, MED-EL North
America Coop., Raleigh, North Carolina

Research within hearing aids and normal hearing subjects has shown
that binaural hearing offers additional advantages over monaural
hearing. A multi-center study (BilCIA) was initiated in April 2000 to
investigate into the binaural effects in post-lingually deafened cochlear
implant users. All patients included in the core group were bilaterally
implanted with a standard MED-EL COMBI 40+ electrode array, which
was fully inserted into the cochlea. Furthermore, a multi-center study in
the United States was initiated in September 2001. Currently, more than
240 patients (September 2002) were implanted bilaterally with the
MED-EL COMBI 40+ implant.

Speech testing within the BilCIA study was performed in quiet and in
noise with respectively CD recorded monosyllable and sentence
materials. Within the noise condition, the signal was presented at +10
dB SNR. The test set-up consisted of 3 loudspeakers, one presenting
speech at 0 degrees azimuth (1 meter distance) and two presenting
speech weighted noise at +/- 90 degrees azimuth (1 meter distance).
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Preliminary analysis of the data reveals the presence of a head shadow
effect (p<0.001) in all patients. A squelch effect and diotic summation
effect was present in some patients.

Localization testing was performed in an anechoic chamber in 25
subjects. The test set- up consisted of an array of 7 loudspeakers within
180 degrees. The majority of the patients tested were able to localize
sounds.

Further data collection and analysis is ongoing and will be presented.

Audiovisual Speech Perception in Adult Cochlear
Implant Users: Effects of Sudden vs. Progressive Hearing
Loss

*Jonya K Bergeson, David B. Pisoni, Lindsey Reese, Karen I. Kirk
Otolaryngology-Head and Neck Surgery, Indiana University
School of Medicine, Indianapolis, IN

Hearing-impaired adults with an early onset of deafness are better
lipreaders than those with a late onset of deafness (Tillberg et al., 1996).
Does the rate of onset of a hearing loss (sudden vs. progressive) affect
lipreading ability in postlingually deaf adults? To investigate the effects
of the time-course of hearing loss on audiovisual speech perception in
postlingually deaf adults following cochlear implantation, we conducted
a retrospective analysis of a set of patient data from the clinical records
of the Department of Otolaryngology-Head and Neck Surgery at
Indiana University. Adult cochlear implant (CI) users in this study
experienced either a sudden hearing loss (N = 13), defined as the onset
of a profound hearing loss within one month, or a progressive hearing
loss (N = 32), defined as the gradual onset of a profound hearing loss
over a period of time greater than one month (range: 1 — 45 years).
These adults were given the City University of New York sentence
recognition test (Boothroyd et al., 1985), in which they were asked to
repeat aloud meaningful English sentences presented under auditory-
alone (A), visual-alone (V), and audiovisual (AV) conditions.
Listeners’ responses were scored in terms of correctly identified key
words in each sentence. We found that postlingually deaf adult CI users
with sudden and progressive hearing loss performed best in the AV
condition, followed by the A condition, and finally the V condition.

There were no differences in performance across the two groups in A
and AV conditions. However, adult CI users with progressive hearing
loss performed better than those with sudden hearing loss in the V
condition. Thus, rate of hearing loss influences lipreading abilities in
postlingually deaf adult CI users.

Supported by NIH/NIDCD Research Grant ROIDC00111 and
NIH/NIDCD Training Grant T32DC00012.

Facial Stimulation in Multichannel Cochlear Implant
Users

Annelle Hodges, Marek Polak, * John King, Thomas Balkany
Department of Otolaryngology, University of Miami, Miami,
Florida

The objective of this study was to investigate optimization of
programming strategies and stimulating parameters in our population of
patients who developed facial stimulation following cochlear
implantation.

This study included several components: 1. a chart review of four
hundred and ninety multichannel cochlear implant users to identify
subjects who experienced facial stimulation was undertaken; 2. for
identified subjects, charts were examined to identify device type, CT
and/or MRI findings, etiology of deafness, and surgical procedures; 3.
depending on device-specific capabilities, subjects were programmed to
maximize their hearing while minimizing facial stimulation.

Subjects included in this study were cochlear implant patients who
experienced facial nerve stimulation on at least one intracochlear
electrode at levels between not heard or very soft up to maximum
comfortable level.
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Included patients were implanted with various versions of Clarion,
Nucleus and Med-El multichannel cochlear implants with different
kinds of electrode arrays and positioners. Thirty one (6.3%) were found
to experience facial stimulation upon activation of one or more
electrodes. Facial nerve stimulation could not be controlled in three
cases. Causes of facial stimulation were categorized as related to
etiology, symptoms, location of electrodes causing facial stimulation,
type of cochlear implant, optimal programming strategy, stimulation
mode and stimulation parameters.

Henry Puharich and the Miniature Tooth Radio; a
Historical Perspective

*Marc D. Eisen Department of Otorhinolaryngology, University of
Pennsylvania, Philadelphia, PA

Just one year after Djourno & Eyries described the first neural
prosthesis to restore hearing, an application was sent to the U.S. patent
office in 1958 describing a neural prosthesis for hearing very different
from the cochlear implant. Its inventors, Henry Puharich and Joseph
Lawrence, proposed a radiofrequency receiver implanted in the tooth
that would utilize an alternative neural pathway, the facial system, to
bypass the cochlea and stimulate the auditory brainstem in order to
restore hearing. This historical note describes the patents related to this
invention and explores the possible validity of such a device. Despite
its challenge to traditional thought, there is both anatomic and clinical
data suggesting such an auditory prosthesis may function. We also
profile the primary inventor, Henry Puharich, and address the
circumstances that likely influenced his invention. Although the
miniature tooth radio did not achieve significant clinical applicability,
Puharich's patents continue to be cited in the patent literature, a mark
that his inventions have had a lasting impact.

Modeling Laryngeal Protective Mechanisms After
Mammalian Anatomy to Develop a Surgical Technique to
Help Patients With Supraesophageal Symptoms of GERD

*Wichael J. Lipan,Jeffrey T. Laitman, Joy S. Reidenberg Center for
Anatomy and Functional Morphology, Mount Sinai School of
Medicine, New York, NY

Patients with supraesophageal complications of Gastroesophageal
Reflux Disease (GERD) are difficult to treat. To investigate possible
treatments for reflux, we studied laryngeal anatomy in 70 mammalian
genera including ruminants (which regurgitate cud) and aquatic
mammals (which have constant laryngeal exposure to water).
Morphologic conditions that could prevent reflux were identified as
possible models to develop a technique for surgical intervention. In six
human cadavers, a prosthetic implant was inserted under the posterior
pharyngeal mucosal layer and positioned to oppose the cricoid cartilage
or the edge of the laryngeal aditus.

Results showed all mammals have a higher laryngeal position compared
to humans where the epiglottis overlaps the soft palate. Four possibly
protective features around the laryngeal opening were observed. 1) A
pronounced aryepiglottic fold forms a lateral wall. 2) A prominent
palatopharyngeal fold surrounds the opening. 3) Arytenoid and
corniculate cartilages curve posteriorly and interlock with the
palatopharyngeal fold. 4) A thick soft tissue connection is found
between the corniculate cartilages. The latter three features form a
posterior wall for the larynx.

In the cadavers, we found that a prosthetic implant inserted under the
mucosal layer of the posterior pharynx created a protective prominence
(like the ruminant palatopharyngeal fold) that may resist the passage of
refluxed material.  Future studies will propose to augment this
procedure by removing tissue under the pharyngoepiglottic fold. This
may widen the vertical diameter of the piriform sinuses and raise the
apparent height of the aryepiglottic fold, protecting against lateral
incursions of refluxed material. These interventions could supplement
fundoplication and improve long-term results in patients with poor
surgical outcomes.
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Is Human Papillomavirus Type 11 a High Risk Virus
in Laryngeal Papillomatosis?

#Patrick M Reidy', Rajah Rabah?® Jayson B Field®, Lucie Gregoire®,
Herbert H Dedo®, Robert H Mathog', Wayne D Lancaster®
'Otolaryngology, Wayne State University, Detroit, MI,
ZPathology, Wayne State University, Detroit, MI, *Center for
Molecular Medicine and Genetics, Wayne State University,
Detroit, MI, “Immunology/Microbiology, Wayne State
University, Detroit, MI, *Otolaryngology, University of
California San Francisco, San Francisco, CA

Recurrent respiratory papillomatosis (RRP) is a serious illness caused
by the human papillomavirus (HPV). HPV types 6 and 11 are the most
frequently detected genotypes. While these HPV types are thought to be
“low risk” in that their association with malignancies is infrequent,
patients with RRP develop laryngeal carcinoma in 1% of cases. We
have previously reported that children with lesions containing HPV-11
have a more aggressive course than patients with HPV-6 (Rabah et al.
2001). These patients required more surgical procedures, and were less
likely to go into remission than HPV-6 infected patients. In addition,
three children with HPV-11 infection developed squamous cell
carcinomas. These cases, as well as others like it in the literature,
suggest that HPV type 11 may play a more significant role in
carcinogenesis in the larynx than previously thought, especially with
regards to those patients with a history of RRP.

We have obtained specimens from nine patients with a history of RRP
who have developed squamous cell carcinoma of the larynx. RNA and
DNA extraction revealed the presence of HPV type 11 in the
malignancies of all nine patients. As we have previously demonstrated
that 50% (29/61) of RRP patients are infected with HPV type 6, and
50% (32/61) with HPV type 11, this data shows a statistically
significant relationship between the presence of HPV-11 and the
progression to malignancy (p<0.0001).

Our hypothesis is that lesions containing HPV type 11 become
malignant after the oncogenic genes E7 and E6 are integrated into the
host genome. This confers a growth advantage to the infected cells
resulting in an invasive carcinoma. Using PCR techniques, we will
demonstrate integration of the HPV-11 genome into the host genome.
Furthermore, we will sequence the p53 genes to monitor for mutations
in this proto-oncogene thought to play a large role in the malignant
transformation of HPV-infected cells.

Capillary Length Density in the Aging Human
Thyroarytenoid Muscle: A Stereological Study using
Confocal Laser Scanning Microscopy

#Leslie T. Malmgren’, Christine E. Jones?, Linda M. Bookman®
'Otolarygol & Comm. Sci., SUNY Upstate Medical Univ.,
Syracuse, NY, “Otolaryngol & Comm. Sci., SUNY Upstate
Medical Univ., Syracuse, NY

The aging process in the human thyroarytenoid (TA) muscle differs
from that in limb muscles. However, in spite of high blood flow
requirements in this highly oxidative muscle, it is not known if changes
in capillary density play a role in the pathogenic mechanism underlying
age-related TA dysfunction. Since the maximal oxygen flux in muscle
is limited by a sharp diffusion gradient that is localized between the red
cell and the sarcolemma, maximal rates of oxygen diffusion are largely
a function of the amount of contact between capillaries and muscle
fibers. In the present study, design-based stereological techniques have
been used to provide an unbiased, quantitative, three-dimensional
estimate of relative and absolute capillary lengths in the aging TA.

The results indicate a significant age-related increase in the length
density of capillaries in contact with muscle fibers referenced to the
fiber volume. The mechanism underlying this increase in the capillary
supply to muscle fibers is unclear. However, there was a trend toward
an age-related increase in the length of capillaries in contact with type 2
fibers referenced to the volume of type 2 fibers. Since this would
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support an increase in the maximal oxygen flux to the volume of these
fibers, it may be related to an increase in the their oxidative capacity.
This change in the adaptation for fatigue resistance in type 2 fibers may
be the result of an increased recruitment of type 2 fibers due to the
reported age-related loss of type 1 fibers in the human TA.

Supported by NIH/NIA RO1AG09186

@ Is Film In Situ Zymography Useful Exammination
With Pathological Diagnosis During Operation of The
Thyroid Gland Tumor ?

#Yuzo Shimode’, Koichi Tomoda', Noriko Iwasaki!, Yoshimichi
Ueda?, Syogo Katsuta®, Makoto Oda' 'otolaryngology,
Kanazawa Medical University, Uchinada, Japan, “pathology?2,
Kanazawa Medical University, Uchinada, Japan

[Introduction] We showed an overexpression and an activation of
MMP-7, -2 and MT1-MMP in human papillary carcinoma (PC) of the
thyroid gland.This result indicated the involvement of these MMPs in
destructive growth and metastatic spreading by means of both tumor
and stroma cell-interaction and active proteases-network. In those study,
we used gelatin film in situ zymography method(JiFIZ method) in
order to demonstrate the localization of gelatinolytic activities. It was
consisted of GN membrane and SN mebrane. GN membrane is coated
gelatin, and was reduced by gelatinase which is included in the frozen
tumor tissue section of which picked up GN membrane. SN
membrane coating with colloidal silver reacted and discolorationed with
free sulthydryl groups which released from pre-MMPs during the latent
forms transform into the active forms. In this study, we could determine
the quantity of discoloration of PC , follicular carcinoma (FC ) and
follicular adenoma (FA ). And we suppose to be able to utilize to
distinguish benign or malignant during the operation of the thyroid
tumor.

[Method and Result] The frozen section was sampled in the operation,
picked up SN membrane, a few minute later, discolorized resions were
taken a photomicrograph and changed RGB channel with computed
analysis and estimated discolorational socore. More than half of PC
rised score in red channel and green channel. Although, more than half
of FA not even discolorized. Other samples only rised score in green
channel.

[Conclusion] These results showed that more than half of PC and FA
will be assumed during an operation with FIZ method. Especially, this
method can will discrimination a number of FC and FA. At present,
pathological feature of FC is peripheral or vascular invasion and distant
metastasis. Although during operation, these observations almost can
not be detected. In the future. FA and FC may be diagunosed and over-
resection of the normal thyroid gland may be avoidable.

@l Prospective Phenotypic Analysis of Turner Syndrome
(TS): Clinical Markers for Initial Detection of Mild TS

#Tomoko Makishima', Shannon Pryor®, Christopher Zalewski’, Mary
Ann Mastroianni?, Lori Hanton®, Carolyn Bondy3, Andrew J
Griffith! 'Section on Gene Structure and Function, LMG,
NIDCD/NIH, Rockville, Maryland, 2Hearing Section,
NIDCD/NIH, Rockville, Maryland, 3Der:lopmental
Endocrinology Branch, NICHD/NIH, Bethesda, Maryland

Turner syndrome (TS) affects up to 1/2000 live female births and is
characterized by the total or partial loss of one X chromosome in
females with short stature and gonadal dysgenesis. Less penetrant
features include sensorineural hearing loss (SNHL), chronic otitis media
(OM), pterygium colli, and craniofacial dysmorphism. Previous
otolaryngologic reports on TS originating from specialty clinics likely
reflected ascertainment bias toward more severely affected individuals.

Here we report the otolaryngologic features observed in a TS cohort
with a wide spectrum of phenotypic severity that has been prospectively
ascertained through a multidisciplinary study of genotype-phenotype
correlation in TS at the National Institutes of Health. The cohort was
comprised of 28 TS patients (range = 7-53 years, average = 30.4) with
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an average age of diagnosis of 10.5 years (range = prenatal-28.5 years).
Subjects were evaluated by otolaryngologic physical examination, pure
tone and speech audiometry, tympanometry and stapedial reflex testing.
At least 12 subjects (39%) had a high-arched, distinctively angulated
(ogival) bony secondary palate and nearly all of the patients had
minimally or mildly dysmorphic pinnae. Sixteen subjects (56%) had
SNHL, primarily affecting high frequencies, and 14 (50%) had a past or
current history of chronic or recurrent OM.

We conclude that chronic or recurrent OM is common in TS patients,
even those with absent or minimally dysmorphic features. TS is likely
to be a commonly missed diagnosis in female children presenting with
otitis media, short stature, and minimally dysmorphic pinnae. The
ogival palate serves as a distinctive phenotypic marker for TS and, in
association with chronic or recurrent OM, may facilitate the initial
detection, early diagnosis, and treatment of TS females.

@I Inhibition of Influenza Viral Neuraminidase by
Elderberry Lectin

*Glenn W. Knox otolaryngology, Northeast Florida Ear Research
Center and the University of Florida, Jacksonville, Florida

Elderberry trees contain lectins in almost all tissues. These are either
type 2 RIP, lectins derived from type 2 RIP precursors, or lectins
encoded by truncated Type 2 RIP genes. One of these lectins, SNA-I,
exhibits  specificity to a specific sialic acid residue,
NeuS5Aca(2,6)Gal/GaINAC. This is the same terminal sialic acid

residue that is cleaved from glycoconjugates by influenza
neuraminidase. It is theorized that the elderberry lectin SNA-I
competitively inhibits influenza neuraminidase by competitively

binding to this specific sialic acid moiety. SNA-I isolated from a
partially purified bark extract using a combination of routine protein
purification techniques and affinity chromatography. This lectin is
shown to inhibit several strains of influenza virus in vitro. The possible
utility of this lectin in the treatment of influenza and other viral illnesses
is discussed.

Carcinoma Ex Pleomorphic Adenoma of the Palatal
Minor Salivary Gland with Extension into the Nasopharynx

#Masayuki Furukawa', Hideaki Suzuki', Katsuhisa Ikeda!, Toshimitsu
Kobayashi®> 'Department of Otorhinolaryngology, Tohoku
University School of Medicine, Sendai, 980-8574 Japan,
*Department of Otorhinolaryngology, Tohoku University School
of Medicine, Sendai, Japan

Carcinoma ex pleomorphic adenoma presenting in the nasopharynx is
extremely rare. We present a case of carcinoma ex pleomorphic
adenoma occupying the nasopharynx and the soft palatein a 51-year-old
woman. To the best of our knowledge, this is the first reported case of
carcinoma ex pleomorphic adenoma in the nasopharynx.

@ Phase Contrast Microscopy In Allergic Nasal Smears

*fumiyuki Goto', Masatoshi Masuko® 'Otorhinolaryngology, Keio
University, Shinanomachi 35, Japan, 2Otorhinolaryngology,
Odawara Clinic, Odawara, Japan

Background:A new technique termed, Phase contrast microscopy (PM)
with modified Hansel's staining (employed with bright field
microscopy), was developed to identify mast cells (MC) and
granulocytes (eosinophil/neutrophil/basophil(E/N/B).

Methods:Nasal scratching smears from 618 patients with Japanese
cedar pollinosis were examined using this new technique.

Results:This technique permitted accurate morphological identification.
MCs can be discriminated from E/N/Bs. The surface of the cell
membrane appeared as low refractile (Ir-), moderately refractile (mr-),
or high refractile (hr-). This was caused by the light, which is not
related to the phase difference, but rather originated from the difference
in the refraction of the direct light. In specimens from the onset stage
(i.e., 1-3 days after onset), Ir-MC and mr-/hr-E/N/B were dominant. In
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specimens from the early stage (i.e., 4-7 days after onset), Ir-E/N/B
significantly increased in number.

Conclusions:The phospholipid bilayers of the cell membrane exhibit a
phase transition after the onset, and phase refractivity of the cell
membrane is closely related to the activity of the cell. This indicates
that in the onset stage, MCs are already activated, while most of the
E/N/Bs are not. In contrast, the latter cell types become activated
subsequently in the early stage.

The Expression of Phospholipase A2 in the Guinea Pig
Nose

*Tatsuya [shige, Hiro-oki Okamura, Ken Kitamura Audio-vestibular
Neuroscience, Tokyo Medical and Dental University, Tokyo,
113-8519 Japan

When the cell membrane receives mechanical or chemical stimulation,
phospholipase A2 (PLA2) existing on the membrane is activated and
the arachidonic acid in phospholipid is isolated. Subsequent conversion
of isolated arachidonic acid into prostaglandins and leukotrienes is
mediated by cyclooxygenase and 5-lypoxygenase, respectively. These
substances function as active substances and contribute to various
physiological roles. Therefore, it is possible to say that PLA2 is the key
enzyme on considering arachidonic acid metabolism. However,
localization of PLA2 in the nose has not been reported to date, though
positive association between nasal allergy and the metabolites of
arachidonic acid has been indicated. The purpose of the present study
was to clarify intranasal PLA2 location and its metabolic mechanism.
The guinea pig nose was perfused with 0.5%zinc-10%formalin and
decalcified with 5%EDTA. After dehydration, the specimens were
embedded in paraffin and cut into 20mm thickness for
immunohistochemistry by using antibodies against secretary PLA2
(sPLA2) and cytosolic PLA2 (cPLA2) which are classified on the basis
of the similarities in structure and properties. The stomachs and
kidneys of the same animals were used as controls. The nasal glands
showed both cPLA2 and sPLA2 activities. However, no specific
reaction was observed on the epithelium, olfactory glands, nerves and
vessels. The chief cells of the gastric fundus showed sPLA2 but not
cPLA2. On the other hand, the kidney tubules presented cPLA2 but not
SPLA2. Our results revealed the possibilities that cPLA2 regulates the
secretion from the nasal glands and sPLA2 is secreted from nasal glands
into the nasal mucus.

Localization of 5-Lipoxygenase in the Nasal Cavity of
Guinea Pig

#Satoshi Katayama, Hiro-oki Okamura, Ken Kitamura
Otolaryngology, Tokyo Medical and Dental University, Tokyo,
113-8519 Japan

Lipoxygenase (LOX) is known to react with arachidonic acid that has
been activated and freed by phospholipase A2 on cell membranes, and
to be involved in the synthesis of various leukotrienes. In addition,
these synthesized compounds have been confirmed to play a role in
maintaining the biological functions of the body. LOX is involved in
the onset of nasal allegy, a condition that is becoming more prevalent.
However, the role of LOX in the nasal cavity remains largely unknown.
As a result, clarification of the localization of LOX in the nasal cavity
could assist our understanding of the role of LOX in the nasal cavity
and the mechanisms of allergic rhinitis. In the present study,
localization of 5-LOX was investigated immunohistochemically in the
nasal cavity of a guinea pig. The guinea pig was perfused using zinc-
formalin solution and then immersed and fixed in the same solution.
The nose was then removed, decalcified using 5% EDTA solution,
dehydrated, embedded in paraffin, and sliced into 20_m sections. After
deparaffinization, specific antibodies against 5-LOX were used for
immunostaining. The results revealed that 5-LOX localized specifically
in the nasal gland tissue, but not in the vascular endothelial cells nor the
surrounding tissues, olfactory gland, respiratory epithelium, olfactory
sensory epithelium, submucosal tissue or nerves. In addition,
localization of 5-LOX was confirmed in the renal tubules and gastric
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fundal glands of the same animal. The results of the present study may
suggest that 5-LOX is involved in ion exchange to control nasal
discharge from the nasal gland, and that 5-LOX is secreted from the
nasal gland into the nasal cavity.

The Postnatal Changes In The Neural Excitation Of
The Rat Accessory Olfactory Bulb.

*Toru Miyazawa', Tokio Sugaiz, Koichi Tomoda®, Norihiko Onoda?
'Otolaryngology, Kanazawa medical university, Uchinada, Japan,
“physiology, Kanazawa medical university, Uchinada, Japan,

otolaryngology, Kanazawa Medical University, Uchinada, Japan

We have reported that, in the matured rat accessory olfactory bulb
(AOB) slice, there are at least three subdivisions, and an oscillatory
excitation in the external plexiform and mitral cell layers (EPL/MCL) is
not elicited by electrical stimulation of vomeronasal nerve layer, unlike
the guinea-pig AOB. We examined the postnatal changes in the
synaptic transmission and signal propagation using electrophysiological
and optical recordings. At early postnatal days (P4-11), although three
subdivisions were already present, oscillatory field potentials, which
were superimposed on slow potentials lasting more than 200 msec, were
observed. These oscillatory and slow responses disappeared at P18-30
(the matured type). In the matured type, the application of non-NMDA
glutamate receptor antagonist, CNQX suppressed mostly the field
potentials, indicating that non-NMDA receptors predominate in
synaptic transmission between vomeronasal nerve fibers and mitral cell
dendrites in the glomeruli. On the other hand, at early postnatal days,
CNQX reduced the oscillatory field potentials and left the slow
response unblocked. The slow response was blocked by NMDA
glutamate receptor antagonist, APV. Further, the removal of Mg2+
from the perfusate weakened the oscillation, and the application of APV
restored the oscillation.

These results suggest that, at early postnatal days, NMDA receptors not
only participate in synaptic transmission in the glomeruli, but also
mediate inhibition of the oscillation in the EPL/MCL.

Effect of p14ARF Gene on Cell Growth of Human
Laryngeal Tumor Cells

#Lei Lei Department of Otorhinolaryngology,Head and Neck
Surgery, Chinese PLA Otolaryngology Institue, Beijing, China,
People's Republic of

Objective: To explore the inhibitory effect of pl4ARF on cell growth
of laryngeal carcinoma and the expression on endogenous p53.
Methods: pl4ARFcDNA was transferred to the cell line Hep2 of
squamous cell carcinoma of the larynx by gene transfer to study the cell
cycles and the expression of endogenous wild type p53 by using flow
cytometry, RT-PCR and Western-blotting. Results: Expression of
pl4ARF significantly affected the Hep2 cell growth. The clone-forming
efficiency of the Hep2 cells transferred pl4ARF was 57%,compared
with empty vector pcDNA3. The numbers of cells transferred p14ARF
at the GO/G1,G2/M phase as twice as the control after 48 hours
transferred with pl4ARF c¢cDNA . The expression of endogenous wild
type pS3 significantly enhanced. Conclusions: Expression of pl4ARF
can up-regulate the expression of endogenous wild type pS3 and arrest
the Hep2 cell growth of human laryngeal squamous cell carcinoma at
the G0/G1,G2/M phase.

The Informative Value of Contact Endoscopy in
Otorhinolaryngology

*Thomas Averbeck, Timo Stoever, Atanasia Warnecke, Thomas
Lenarz Otorhinolaryngology, Medical University of Hannover,
Hannover, Germany

Contact endoscopy enables the investigator to differentiate
intraoperatively between carcinomas and other mucosa lesions. The
contact endoscopy was performed on 42 patients to confirm or exclude
malignant transformation of the mucosa.
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After the mucosa had been stained with methylene blue, a contact
endoscope was placed directly onto the stained area (contact procedure)
and an assessment of the cells was performed under magnification.
Documentation was subsequently carried out using video or, with the
aid of the Storz AIDA system, using digital photography. At the same
time, samples for histological diagnosis were taken from the examined
areas and evaluated by a pathologist.

The epithelia examined were located in the area of the larynx (29),
hypopharynx (5), oropharynx (7) and nose (1). In a blind trial the
documented images were then independently evaluated by two ENT
physicians and a cytologist. The results thus obtained were compared
with the final histological findings.

In the histological evaluation one of the following diagnoses was made:
negative (1), chronic inflammation (24), dysplasia (7) and carcinoma
(10).

Overall, the evaluation of images obtained via contact endoscopy
matched the histological diagnosis by the ENT physicians in 88.1 %
(37) and the cytologist in 83.3 % (35) of cases respectively.

A carcinoma was correctly detected by the ENT physician in nine cases.
This corresponds to a correct assessment in 90 % of cases.

The contact endoscopy procedure is a helpful but somewhat limited
diagnostic technique, as there is no means of determining the depth to
which carcinomas extend. Further studies are required to show whether
this problem can be solved, and the informative value can be enhanced
still further, through combination with other methods such as optical
coherence tomography.

Overall, the results clearly demonstrated that contact endoscopy can
make a useful contribution to rapid intraoperative evaluation of
mucousa alterations.

One Hundred Years of Inner Ear Induction

#Andy Groves', Maija Zile? 'Cell and Molecular Biology, House Ear
Institute, 2100 West 3rd Street, Los Angeles, CA 90057,
*Department of Food Science and Human Nutrition, Michigan
State University, East Lansing, Michigan

The development of the inner ear has been studied actively for over a
hundred years. On a purely practical level, the anlagen of the inner ear -
the otic placode - is readily visible from an early age in most vertebrate
embryos, making it an attractive tissue for developmental biologists to
study. However, part of the historical motivation to study inner ear
development undoubtedly arose from the fascination in seeing a highly
complicated sensory organ produced from a simple patch of ectoderm.
It is this transformation - from a very simple tissue to a Darwinian
"organ of extreme perfection" - that modern researchers seek to
understand. We will first review some of the historical work on otic
placode induction, and argue that the concept of inner ear induction has
changed dramatically with the advent of molecular markers.

The hindbrain and cranial mesoderm have both been proposed to induce
the inner ear. We are examining this question by examining the
necessity and sufficiency of these two tissues, both in normal embryos,
and in vitamin A-deficient quail embryos, in which the posterior half of
hindbrain (which is normally adjacent to the otic placode) fails to form.
Our results suggests that the ear is induced in the absence of the
posterior hindbrain. Both FGF and Wnt family members expressed in
the hindbrain and cranial mesoderm have been proposed to act in ear
induction. Our preliminary results suggests that FGF, but not Wnt
signaling is necessary for otic placode induction.

Fgfs in Mouse Inner Ear Development

Tracy J Wright, *Suzanne L. Mansour Human Genetics, University
of Utah, Salt Lake City, UT

Expression analysis of Fibroblast growth factors (Fgfs) and their
receptors suggests roles for a number of these genes in otic
development and genetic disruption has defined the roles of individual
genes. For example, Fgf3 is expressed in the neurectoderm adjacent to
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the developing placode, in the placode itself, in the neurogenic region of
the otic vesicle and later in the developing sensory epithelium. Mice
lacking Fgf3 fail to induce the endolymphatic duct and have a small otic
ganglion. The penetrance and expressivity of this phenotype varies,
suggesting that other Fgfs and/or their receptors might also contribute to
the early stages of otic development. Indeed, Fgfl0 is expressed in
mesenchyme underlying the prospective otic placode and also in the
otic cup and ganglion at later stages. Fgfl0 mutants have small inner
ears with severe disturbances of vestibular development and
innervation. Also, mice lacking Fgfr2Illb, which encodes the high-
affinity receptor for Fgfs3 and 10, have an otic phenotype that is similar
to, but more severe and penetrant than that of either Fgf3 or Fgfl0
mutants. Surprisingly, Fgf3/10 double mutants lack otic vesicles.
Expression of otic marker genes is disturbed, but hindbrain patterning is
normal and proliferation of otic ectoderm is not blocked, suggesting that
these Fgfs act directly on the ectoderm to induce otic placode. Studies
of embryos with 3 mutant alleles reveal quantitative and unequal
contributions of these Fgfs to otic development.

Otic induction in zebrafish requires fgf3 and fgf8 expression in the
hindbrain. Mouse Fgf8 is not seen in the hindbrain or in known otic-
inducing tissues, but is found in pharyngeal endoderm. To determine
whether Fgf8 plays a role in mouse otic development, we intercrossed
Fgf3+/-;Fgf8+/- animals. At E9.5, the otic phenotype of Fgf3-/-;Fgf8+/-
embryos is more severe than that of Fgf3-/- embryos. These data
suggest an early role for Fgf8 in mouse otic development.

Determination of Cell Fate and Patterning in the
Organ of Corti

*atthew W. Kelley Section on Developmental Neuroscience,
National Institute on Deafness and other Communication
Disorders, Rockville, MD

The sensory epithelium of the mammalian cochlea (the organ of Corti)
is characterized by a highly regular pattern of sensory hair cells and
non-sensory supporting cells. Analysis of auditory sensitivity in several
strains of mutant animals has demonstrated that the appropriate
formation of this pattern is required for normal hearing. Although our
understanding of the cellular and molecular factors that regulate cell
fate and pattern formation in the organ of Corti is still quite limited, the
results of recent studies have provided valuable insights regarding how
this structure develops from an un-patterned population of precursors
into a regular mosaic of differentiated cell types. In particular, results
from a number of laboratories have demonstrated that signaling through
the neurogenic pathway regulates the number of cells that will develop
as hair cells. In addition, recent results from our laboratory suggest that
the determination of individual cell fates may also be regulated through
phosphorylation of specific families of kinases. All of these results can
be incorporated into the formation of a model for the development of
the organ of Corti.

Differentiation of Sensory Hair Cells

*Guy P. Richardson School of Biological Sciences, University of
Sussex, Brighton, United Kingdom

For hair cells to function as efficient mechanotransducers and transmit
sensory information to the CNS they have to acquire a number of
important features during their development. These features include,
amongst others, a directionally-sensitive, apically-located hair bundle
complete with functional mechanotransducer channels, and a repertoire
of basolateral potassium and calcium conductances with appropriate
kinetics. For mammalian outer hair cells, the acquisition of
electromotility is an additional event of importance. The manner and
time course over which these characteristics appear once a hair cell has
been specified will be described, and the current evidence for the
potential molecular mechanisms that may underlie these aspects of hair-
cell differentiation will be discussed.

Supported by The Wellcome Trust
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Wiring the Ear to the Brain: the Molecular Basis of
Formation, Guidance, and Survival of Sensory Neurons.

#Bernd Fritzsch BiomedicalSciences, Creighton University, 2500
California Plaza, Omaha, NE 68178

An overview will be presented of the molecular and cellular origin of
the sensory neurons of the inner ear, molecular biology of connection
establishment to specific sensory epithelia and the molecular nature of
their survival. Sensory neurons of the ear depend on a single basic
Helix-Loop-Helix protein (bHLH) for their formation, neurogenin 1
(ngn-1). An immediate downstream gene is the bHLH gene neuronal
differentiation (NeuroD). Targeted null mutations of ngn-1 results in
absence of sensory neuron formation, targeted null mutation of NeuroD
results in loss of almost all spiral and many vestibular sensory neurons.
NeuroD and a downstream gene, the Pou domain factor Brn3a, play a
role in pathfinding to and within sensory epithelia. The molecular
nature of these pathfinding properties is unknown but may be related to
semaphorin receptors Npn-1 and 2. Quantitative effects of ngn-1 null
mutations on hair cells suggest a clonal relationship that may play some
role in the acquisition of the pathfinding properties of sensory neurons.
Sensory neuron neurite growth to sensory epithelia is initially
independent of trophic factors released from developing sensory
epithelia, but becomes rapidly dependent on those factors. In null
mutations of a given neurotrophic factors, specific sensory populations
undergo rapid cell death whereas misexpression of neutrophins results
in massive rerouting of fibers.

For example transgenic expression of BDNF under NT-3 promoter
control causes vestibular sensory neurons to project to the cochlea.

Developmental Genes Associated with Human
Hearing Loss

*Karen B. Avraham Department of Human Genetics and Molecular
Medicine, Sackler School of Medicine, Tel Aviv University,
Israel

There are a multitude of proteins expressed in the inner ear during
development, and a subset of these are invovled with human hereditary
hearing loss. To date, there are 70 loci mapped to human chromosomes
that are associated with hereditary hearing loss in extended families; 29
of these genes have been cloned. A few of these have clear roles in the
development of the inner ear; for others, their role in development, if at
all, is still unknown. The genes related to hair cell specification during
development, including NeuroD, Fgf19, Jagged 1, Hesl, Hes5, Serl,
and Mathl, are not yet known to be associated with human hearing loss.
Although null mutations in most of these genes would not be expected
to form a viable organism due to their role in other developmental
processes, point mutations would presumably lead to loss- or gain-of-
function viable phenotypes in heterozygote form. Other genes, such as
the POU4F3 transcription factor, known to be involved in terminal
differentiation of hair cells, is associated with human progressive
hearing loss. The EY A4 transcription activator, associated with human
hearing loss, is involved in embryonic development as well. Mutations
in myosin VI and myosin VIIA, both expressed early in hair cell
development, lead to human dominant and recessive hearing loss. While
a mutation leading to human hearing loss is significant, more of our
knowledge about the gene in question comes from research performed
on the mouse. A number of genes have an important role in mouse inner
ear development, discovered from the study of mouse mutants,
including AP2a for middle ear conductive hearing loss, Pou3f4 for
cochlear and temporal bone abnormalities, and Foxil for inner ear
defects. These and other examples will be presented.

Overview and Clinical Trials
*Robert A. Dobie NIDCD, NIH, Bethesda, 20892

Tinnitus is a common sensation that sometimes causes suffering.
Clinical management relies mostly on evaluation for serious or treatable
causes, followed by non-specific counselling and reassurance when no
such cause is found. Many randomized clinical trials (RCTs) have been
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completed, but these have failed to establish the superiority of specific
treatments, either in eliminating tinnitus sensation or in long-term
reduction of the attendant suffering. Problems in studying tinnitus
treatment include (1) the difficulty of designing placebo arms for non-
drug therapies, (2) the lack of consensus in outcome measurement, (3)
our ignorance of prognostic factors that, if understood, might allow
more powerful stratified study design, and (4) the likelihood that
tinnitus patients are a heterogeneous group and that different treatments
would be best for different patients. Strategies for overcoming these
problems include cost-effectiveness studies, open trials prior to RCTs,
and more studies of untreated tinnitus patients.

Animal Models of Tinnitus

*Pavid B. Moody Kresge Hearing Research Institute, University of
Michigan Medical School, Ann Arbor, MI

Although tinnitus is a prevalent neuro-otologic complaint, both its
etiology and a universally effective treatment have proven elusive. One
factor impeding progress on understanding the phenomenon has been
the difficulty of determining when an experimental animal is
experiencing tinnitus. Moreover, quantification of the amount and
quality of the perceived tinnitus, normally obtained from the verbal
reports of patients experiencing the problem, has not been available
from experimental animals. The highly variable nature of the auditory
perceptions associated with tinnitus make such data, obtained from
individual subjects, critical in understanding the relationship between
the perceptions being experienced and the physiological events in the
auditory system that give rise to those perceptions.

An early series of studies by Jastreboff and colleagues (Behav.
Neurosci.,, 6:811-822, 1988) demonstrated that tinnitus could be
detected in a behavioral animal model. That procedure relied on the
assumption that an animal trained to respond in a particular way to
silence; that is, to the offset of an ongoing auditory stimulus, would fail
to do so when experiencing tinnitus. More recently, several laboratories
have successfully applied variants of this procedure to detect tinnitus.
This presentation will review the existing animal models for tinnitus, as
well as some new approaches, and will evaluate each in terms of several
criteria including ability to exclude alternative explanations for the
obtained results, ability to determine when tinnitus is occurring in an
individual subject, and ability to estimate the perceived level and
quality of the tinnitus.

This research was supported by a grant from the Tinnitus Research
Consortium.

Neural Correlates of Tinnitus

*James A. Kaltenbach Otolaryngology-HNS, Wayne State
University School of Medicine, Detroit, Michigan

There is growing evidence that some forms of tinnitus involve abnormal
levels of spontaneous activity in the central auditory system. Human
imaging studies demonstrate that tinnitus is associated with increased
activity of cortical and subcortical auditory structures. Studies in
various animal models have revealed areas of increased activity
following exposure to tinnitus inducing agents such as salicylate,
quinine, noise and cisplatin. The areas include, but are not necessarily
limited to, the cochlear nucleus, inferior colliculus, and auditory cortex.
In this presentation, we will focus on work in our laboratory, which has
shown that when animals are exposed to high levels of sound, a
condition of chronic hyperactivity, which is manifest as an increase in
the level of spontaneous multiunit activity, can be induced in the dorsal
cochlear nucleus (DCN). This same abnormality can also be induced in
the DCN by cisplatin treatment. This hyperactivity is not a direct
correlate of hearing loss as its onset follows a different time course from
noise-induced hearing loss, developing slowly over a period of days, but
lasting for at least 6 months. There are several lines of evidence
supporting the view that the observed hyperactivity in the DCN may be
an important component of tinnitus. For example, recent behavioral
studies have shown that the same exposure conditions that lead to the
development of hyperactivity in the DCN also cause animals to
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experience tinnitus-like percepts. Indeed, when electrophysiological
recordings were carried out in animals that had been tested behaviorally
for tinnitus, the presence of hyperactivity in the DCN was found to
correlate with the presence of tinnitus. Some clues are beginning to
emerge concerning the mechanisms by which hyperactivity in the DCN
(and by implication, tinnitus) can be triggered. This evidence will be
reviewed and the implications for the development of anti-tinnitus
strategies will be discussed.

Sensory Nuclei in Tinnitus.

*Susan E. Shore Otolaryngology, U of Michigan, Kresge Hearing
Research Inst., Ann Arbor, MI

Patients with “somatic” tinnitus can modulate its loudness or frequency
by clenching the jaw or touching the face, regions innervated by the
trigeminal nerve. If a physiological correlate of tinnitus is increased
spontaneous rate of auditory neurons  (Kaltenbach et al., J.
Neurophysiol. 88:699-714), then somatosensory input to auditory
nuclei is necessary for modulation and perhaps generation of somatic
tinnitus. We have demonstrated that the trigeminal ganglion send a
projection to the cochlear vasculature (Vass et al., Neuroscience 84:
559-567) and, together with the trigeminal nucleus, to the ventral
cochlear nucleus (VCN) of the guinea pig (Shore et al., J. Comp.
Neurol. 419:271-285; present findings).

The function of these pathways was examined by electrically
stimulating the trigeminal ganglion/nucleus while recording VCN unit
responses using multichannel electrodes. Units showed complex
responses to trigeminal ganglion stimulation consisting of one or more
peaks of excitation sometmes followed by a longer, inhibitory phase.
Applications of kanamycin to the round window to eliminate the
cochlear contribution, diminished but did not eliminate the excitation.
Cochlear destruction showed similar effects, suggesting that trigeminal
innervation of the cochlea facilitated the VCN responses. Stimulating
the spinal trigeminal nucleus similarly resulted in a combination of
excitatory and inhibitory responses in VCN neurons.

These results demonstrate that projections from sensory neurons can
influence the activity of second-order auditory neurons, and may play a
role in integration mechanisms involving the cochlea and its central
targets. If increased firing rate in the absence of sound (“phantom firing
rate”) is a necessary condition for tinnitus, then sensory input to
peripheral auditory structures may play a role in generating the
perception of “phantom sounds”.

Imaging Human Tinnitus

#Jennifer R. Melcher, Robert Aaron Levine Eaton-Peabody
Laboratory, Massachusetts Eye and Ear Infirmary, Boston, MA

Functional neuroimaging provides a way to probe brain activity directly
in people with tinnitus. In recent years, two main neuroimaging
techniques have been applied to tinnitus: functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET). Both
provide an indicator of population neural activity on a spatial scale of
millimeters. In this talk, we will describe three main ways that
functional imaging has been applied to tinnitus. One approach has
examined the level of steady-state brain activity. Another involves
modulating the tinnitus percept through oral-facial movements,
deviations in eye position, or cutaneous stimulation and examining the
brain for associated changes in activity. A third approach involves
modulating the tinnitus percept using an acoustic masker and localizing
correlated activity changes. Findings obtained with these various
approaches will be reviewed and their implications for the neural
substrate of tinnitus will be discussed.

Supported by the American Tinnitus Association, Tinnitus Research
Consortium and Royal National Institute for Deaf People.
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The Cortex and Tinnitus
*Jos J. Eggermont

In ketamine anesthetized cats we investigated changes in spontaneous
firing activity (putative correlates of tinnitus) in up to three auditory
cortical fields after administering a tinnitus-inducing agent. We used
sodium salicylate (200 mg/kg; 5 cats), quinine hydrochloride (100-200
mg/kg; 7 cats) and transient pure tone trauma (29 cats) in acute
experiments and compared pre and post trauma data for the same neural
units. We also investigated long-standing pure tone trauma (10 cats) as
a function of time (> 3 weeks) after trauma onset in comparison to age-
matched littermate controls.  Significant changes in spontaneous
activity for the CF regions corresponding to the hearing loss suggest
multiple potential correlates of tinnitus. After salicylate and quinine no
significant changes in spontaneous firing rates were found in Al and
AAF. However in AIl spontaneous activity increased by 30% after
salicylate and by 130% after quinine. Neural synchrony (only
investigated in Al) did not change after salicylate but increased by 40%
after quinine. After transient noise trauma, spontaneous firing rates
doubled in Al, did not change in AAF and decreased by 40% in All.
Neural synchrony in Al increased by 50%. Permanent noise trauma
resulted in a reorganization of the tonotopic map accompanied by a
doubling of spontancous firing rate in Al and an increase of neural
synchrony with 50%. No changes in spontaneous burst firing were
observed. If these findings are correlates for tinnitus they appear to
differ for drug or noise trauma induced tinnitus.

Supported by American Tinnitus Association, AHFMR, NSERC, CIHR.

Electrical Suppression of Tinnitus

*Jay T. Rubinstein’, Richard S. Tyler’, Abigail Johnson?, Carolyn J
Brown? 'Dept. of Otolaryngology-HNS, University of lowa,
Towa City, IA, *Otolaryngology, University of lowa, lowa City,
IA

There is a long history of attempts to suppress tinnitus with electrical
stimulation. While these attempts have been emprical, with minimal
knowledge regarding either the pathophysiology of tinnitus or the
specific effects of electrical stimulation on the auditory nerve, a number
of these studies have suggested promising results in some tinnitus
sufferers. A variety of data suggest that tinnitus may represent an
abnormal response of the central auditory pathways to deafferentation
associated with cochlear injury. One of the prominent effects of such
injury is the loss of peripheral spontaneous activity and it was suggested
over thirty years ago that this may be a significant etiology for tinnitus.

In our studies of cochlear implant signal processing, we have
determined that electrical stimulation of the deaf cochlea with 5000 pps
pulse trains can produce patterns of auditory nerve firing similar to
normal spontaneous activity. We are investigating the hypothesis that
such stimuli, applied either to the round window in mild hearing loss, or
intracochear for profound hearing loss, may suppress tinnitus without
producing a sustained percept.

We have studied fourteen subjects with severe tinnitus complaints.
Eleven of these have mild hearing loss and underwent round window
stimulation via a transtympanic electrode. Three of these had cochlear
implants which were reprogrammed to produce the desired stimuli.
With partial blinding of the subjects it appears that somewhere between
a third to a half of them achieve clinically significant tinnitus
suppression without a sustained percept when a 5000 pps pulse train is
applied for several minutes at an appropriate stimulus amplitude. Based
on these findings, implantation of a chronic electrode in such subjects is
anticipated in the near future. Double-blinded evaluation of tinnitus
suppression should be possible with such subjects.

Supported by the Tinnitus Research Consortium and Braintronics, Inc.
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Tinnitus Retraining Therapy

#Pawel J. Jastreboff Otolaryngology, Emory University School of
Medicine, Atlanta, GA

The neurophysiological model of tinnitus [Jastreboff, P.J. Phantom
auditory perception (Tinnitus):  mechanisms of generation and
perception. Neuroscience Research, 8:221-254, 1990], applied the
principles of neuroscience into studies of mechanisms of tinnitus and
methods of its alleviation. In cases of clinically-significant tinnitus, the
focus is placed on the neurophysiology of non-auditory systems in the
brain, particularly on the limbic and autonomic nervous systems, with
the auditory pathways playing a secondary role. Once the links are
created between the tinnitus-related neuronal activity in the auditory
system, and activation of these non-auditory systems, tinnitus evokes
negative emotions, stress, anxiety. These functional connections are
governed by the principles of conditioned reflexes. According to the
model, it is not the perception of tinnitus, but the presence of
inappropriate functional links between the auditory, and the limbic and
autonomic nervous systems that is responsible for tinnitus distress.
Weakening, and finally breaking of these functional connections,
through proper retraining techniques, results in habituation of tinnitus-
induced reactions and tinnitus perception, which are the goals of
Tinnitus Retraining Therapy (TRT). Consequently, TRT is a practical
implementation of the neurophysiological model of tinnitus.

Teaching / counseling and sound therapy are the inherent parts of TRT.
Their particular implementation vary dependant on a patient category.
TRT also helps patients with decreased sound tolerance (working on
both components - hyperacusis and misophonia), by gradual
desensitization of the auditory system and retraining functional
connection linking the auditory system to the the limbic and autonomic
nervous systems.  While work is in progress to validate the
effectiveness of TRT in a formal manner, currently available data from
a number of centers support the usefulness of TRT in clinical practice.

Cochlear Afferent Response Types: Synaptic
Mechanisms, Efferent Control and Functional Significance.

*l. Charles Liberman Eaton-Peabody Laboratory, Mass. Eye & Ear
Infirmary, Boston, MA

Each inner hair cell communicates with the auditory brainstem via a
population of 5 - 30 myelinated cochlear nerve fibers, depending on
species and cochlear location. Individual fibers from a hair cell's
afferent innervation can differ in threshold sensitivity by as much as 40
dB and in spontaneous discharge from rates of essentially 0, to over 100
sp/sec. The close relation between sensitivity and spontaneous rate (SR)
in all mammalian ears investigated has suggested a functional
subdivision of cochlear nerve fibers into high-, medium- and low-SR
groups. Intracellular labeling experiments have shown that the
peripheral terminals of these SR groups are spatially segregated around
the inner hair cell, differ in synaptic morphology, and have different
central projection patterns in the cochlear nucleus. There is also
evidence for differential innervation of the different SR groups by
terminals of the lateral olivocochlear efferent system. Recent work in
our laboratory suggests that activation of the lateral olivocochlear
system via electrical stimulation of the inferior colliculus can both
increase and decrease the excitability of cochlear nerve fibers,
depending on stimulation site. This overview presentation will
summarize these new data on efferent control of neural processing as
well as current understanding of the peripheral mechanisms generating
the SR-based heterogeneity of cochlear nerve response properties, the
functional significance of the SR continuum, and its generality across
non-mammalian vertebrates.

Research supported by RO1 DC0188 from the NIDCD.
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The Synaptic Vesicle Cycle at Hair Cell Afferent
Synapses

#illiam M. Roberts Institute of Neuroscience, University of
Oregon, Eugene, OR

We used electron tomography of frog saccular hair cells to reconstruct
the ultrastructure of afferent synapses under three stimulus conditions.
Prolonged depolarization caused a massive depletion of synaptic
vesicles, compared to either resting or inhibited synapses. The
decreased surface area of the synaptic vesicle pool was offset by a
nearly equal increase in surface area of irregularly shaped cisterns and
plasmalemmal infoldings, suggesting that these structures are involved
in vesicle recycling, and that reformation of synaptic vesicles from
cisternal membrane is the rate limiting step in the cycle during intense
prolonged depolarization.  Depolarization also depleted docked
vesicles, including those that were located hundreds of nanometers from
the active zone, and created a gradient of vesicles on the synaptic body.
These results will be interpreted in light of current models of the vesicle
cycle at ribbon-class synapses.

Calcium-Dependence, Kinetics, and Ontogeny of
Membrane Exocytosis and Endocytosis in Inner Hair Cells

*Jobias Moser Department of Otolaryngology, University of
Goettingen, Goettingen, Germany

Inner hair cells (IHCs) of the cochlea convert mechanical signals into
patterns of neurotransmitter release. Their afferent synapses present
synaptic ribbons, which most likely enable them to signal over
prolonged periods of time. We study the regulation of presynaptic
exocytosis and endocytosis using capacitance measurements.
Exocytosis of mouse IHCs before and after the onset of hearing was
stimulated by voltage-gated calcium entry or uncaging of caged Ca?".

We have obtained estimates for the sizes of synaptic vesicle pools and
the Ca®" dependence of exocytosis and endocytosis at these ribbon type
synapses. Furthermore, we studied exocytosis of IHCs during
pharmacological and genetic manipulations of their Ca** channels.
Thereby, we worked out the impact of different Ca®" channel subtypes
on exocytosis and addressed the channel-vesicle topography at the
afferent synapse.

Supported by grants of the DFG and the MPG to T.M.

Transmitter Release from the Hair Cell Ribbon
Synapse

*[]isabeth Glowatzki Department of Otolaryngology Head and
Neck Surgery, Johns Hopkins School of Medicine, 720 Rutland
Ave., Traylor 521, Baltimore, MD 21205

Neurotransmitter is released continuously at the inner hair cell (IHC)
ribbon synapse. We investigate hair cell transmitter release in the
postnatal rat cochlea by recording excitatory postsynaptic currents
(EPSCs) from afferent boutons directly abutting the IHC ribbon
synapse. EPSCs are carried by rapidly-gating AMPA receptors.
Spontaneous EPSCs are clustered in time and have highly skewed
amplitude distributions. We propose that the ribbon synapse operates
by multivesicular release, possibly to achieve continuous as well as high
frequency neurotransmission. Three questions will be addressed: First,
do the quantitative details of EPSCs recorded at the ribbon synapse
correspond to the predictions for transmitter release based on
capacitance measurements of vesicular fusion in the IHC? Second, are
EPSC recordings at the onset of hearing an adequate representation of
synaptic function at the fully adult ribbon synapse? Third, do glutamate
transporters play a role in shaping EPSCs at the IHC ribbon synapse?
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Fast Excitatory Synaptic Transmission: From
Molecular Mechanisms to Therapy

#Jean Luc Puel U254, Université de Montpellier I, Montpellier,
France

The cochlear inner hair cells use glutamate (Glu) or a related congener
at synapses with the auditory nerve dendrites. Fast excitatory
transmission was investigated by comparing the actions of a Glu
antagonists on compound and single unit activity from the auditory
nerve action potentials when applied into the perilymphatic space of the
guinea pig cochlea. In our hand, the selective AMPA antagonist GYKI
53784 had the same potency as the AMPA/kainate antagonist DNQX
and the NMDA antagonist D-AP5 had no effect on auditory nerve
activity. When single-fiber activity was blocked with GYKI 53784, the
effects of AMPA or kainate were also antagonized. GYKI 53784
completely blocked excitotoxicity (i.e. destruction of the afferent nerve
endings) induced by AMPA and kainate. This suggests that AMPA-
preferring receptors are functionally located at the sensory cell-afferent
synapse whereas NMDA and kainate receptors are not. Besides its fast
excitatory properties, glutamate is known to have neurotoxic properties
when released in large amounts or when incompletely recycled. In the
cochlea, pharmacological blockade of Glu transporter GLAST, but not
GLT-1, leads to the development of excitotoxicity. The capacity of the
afferent dendrites to form new synapses was investigated on an in vivo
model of AMPA perfusion -induced excitotoxicity. Synaptic repair and
a functional recovery were observed within 5 days. At the molecular
level, the synaptic repair was correlated to an increase in the expression
of mRNAs coding for NMDARI receptors. The blockage of the NMDA
receptors delayed the synaptic repair, suggesting that NMDA receptors
have an important neurotrophic function in the neuronal regeneration
and synapse formation in response to excitotoxic injury. Tracking the
molecular basis of excitotoxicity presages the development of new
pharmacological strategies in human for excitotoxic related pathologies
(ischemic- or noise-induced deafness), as well as the related tinnitus.

Ontogeny of Auditory Primary Afferent Activity.

#Timothy A. Jones' Sherri Marie Jones® 'Surgery and Physiology,
University of Missouri, School of Medicine, 202 Allton Bldg,
DC375.00, Columbia, MO 65212, 2Surgery-ENT, University of
Missouri, School of Medicine, Columbia, MO

Activity begins in auditory primary afferents well before the onset of
hearing. Spontaneous rhythmic discharge patterns that are unique to
this period will be described. The first primitive response to sound
occurs one or more days after the onset of spontaneous rhythmic
activity but before frequency selectivity appears. The emergence of
frequency tuning and spatial coding (tonotopic map) continues as the
cochlea reaches a relatively mature status. We will emphasize two
major periods of development: 1) those that support central circuit
building and pre-hearing refinements; and 2) those concerned with
acquisition of frequency tuning after hearing begins.  Factors
influencing the temporal progression of functional maturation (e.g.,
middle ear mechanics) and hypothetical mechanisms responsible for
rhythmic discharge patterns will be discussed. Special attention will be
given to the question of the functional status of the cochlear base in the
late embryo (E19). A number of recent findings in the avian embryo
have transformed our thinking regarding the cochlear base and these
will be featured. The new insights will be cast in the context of
historical perspectives for both birds and mammals.

Supported by NIH/NIDCD grant RO1 DC02753.
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Combined Electrical and Acoustical Stimulation: A
New Cochlear Implant Strategy

#Bruce J. Gantz', Chris Turner’, Kate Gfeller’ 'Otolaryngology--
Head and Neck Surgery, University of lowa, lowa City, lowa,
Speech Pathology and Audiology, University of lowa, Iowa
City, lowa, “Department of Music, University of lowa, Iowa City,
Iowa

The performance of the present generation of cochlear implants in
postlingually deafened adults and prelingually deafened children have
redefined the clinical management of profound deafness. Electrical
signal processing has been able to improve discrimination while
conventional or implantable amplification has not been able to provide
similar speech perception enhancement. Recent studies by have
demonstrated that acoustic amplification of hearing loss above 60 dB
HL for frequencies greater than 2500 Hz provides no enhancement of
speech recognition (Hogan and Turner, 1998; Ching et al.,1998; and
Turner and Cummings, 1999). Electrical signal processing may be able
enhance speech discrimination in these individuals. Studies have shown
that a short electrode can be placed in experimental mammalian
cochleae resulting in preservation of hair cells and auditory sensitivity
distal to the electrode (Ni, et.al.,1992; Xu, et.al.,1997).

We have developed a novel cochlear implant that allows preservation of
residual low frequency acoustic hearing and at the same time provide
electrical signal processing. Six devices have been implanted. Residual
hearing has been preserved in all six. A change in insertion depth to 10
mm has provided significant speech perception enhancement. Complex
musical tone pitch discrimination is also preserved in this population.
The results combining acoustic and electrical signal processing in the
same ear are encouraging. In general, speech recognition scores have
the potential to be quite high if low-frequency (acoustic) information
(below 500 or 1000 Hz) is combined with electric speech for
frequencies of 3000 Hz and above. Speech  perception,
psychoacoustics, and music testing will be described.

This research was sponsored in part by NIH grants DC 00242, DC
0037, RR0O0059 ,and the Cochlear Corporation

Neuronal Responses in Cat Inferior Colliculus to
Combined Electrical and Acoustical Stimulation of the
Cochlea

#aike Vollmer,Jochen Tillein, Rainer Hartmann Physiology II,
Johann Wolfgang Goethe-University, Frankfurt/Main, 60590
Germany

Combined electrical and acoustical stimulation (EAS) of the cochlea is
successfully implemented in the rehabilitation of cochlear implant
subjects with residual low frequency hearing. The present study
examines the influence of EAS on neuronal responses in the inferior
colliculus (IC). In acute experiments normal hearing cats were
unilaterally implanted with scala tympani electrodes stimulated as
bipolar pairs. An earphone was sealed to the auditory meatus for
acoustic stimulation. Electrodes were placed at the round window for
recording of frequency specific compound action potential (CAP)
audiograms. After cochlear implantation, increases in thresholds mainly
in the high frequencies were observed.

The IC was exposed, and acoustical tuning curves were obtained for
single neurons or multineuronal clusters. Neuronal responses in the IC
were recorded separately to acoustical stimulation (50 ms tone burst at
characteristic frequency, CF), electrical stimulation (0.2 ms/phase,
biphasic pulses, 30 pps) and combined EAS. For EAS recordings a
broad range of intensity combinations were used for the two stimulus
components.

At electrical stimulus levels near threshold, the simultaneous
presentation of suprathreshold acoustical stimuli suppressed and
desynchronized the responses to electrical stimuli. With increasing
electrical stimulus intensities the responses to the acoustical stimuli
showed an increase in thresholds and a suppression of the sustained and
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offset responses, while the onset responses remained virtually
unchanged. These results were independent of the neurons' CF.

The present data suggest that combined EAS leads to complex
interactions in the central auditory system that are strongly dependent
on the relative intensity of the electrical and acoustical stimulus
components.

Supported by DFG GS 16/1-1.

Spectral Shape Perception and Speech Recognition in
Normal Hearing, Hearing Impaired and Cochlear Implant
Listeners

#Belinda A Henry', Christopher W Turner’ 'Department of
Communicative Disorders, University of Wisconsin - Madison,
Madison, WI, *Department of Speech Pathology and Audiology,
University of lowa, lowa City, IA

The distribution of energy across frequency, or the shape of the spectral
envelope, is one important feature of complex acoustic signals. Speech
recognition relies in part on the ability of the listener to perceive the
shape of the spectral envelope, and to discriminate between different
spectral shapes. In this study, spectral shape perception was investigated
in normal hearing (NH), hearing impaired (HI) and cochlear implant
(CI) listeners. The stimuli were rippled noise signals with a logarithmic
spacing of spectral peaks. A forced-choice adaptive procedure, in which
the spectral envelope frequency was varied from 0.125 to 10
ripples/octave (rpl/oct), was used to determine the closest ripple spacing
at which an interchange in the peak and trough positions in the rippled
spectrum could be discriminated for each listener. This test is
hypothesized to provide a measure of the listeners’ ability to perceive
the frequency locations of the peaks in a generic, speech-like acoustic
signal. The results showed poorer spectral peak perception in CI
listeners (average 0.6 rpl/oct, range 0.4 - 0.8 rpl/oct) than in NH
listeners (average 4.3 rpl/oct, range 2.4 - 5.5 rpl/oct), and a wide range
of spectral peak perception in the HI listeners (average 1.9 rpl/oct, range
0.7 - 5.5 rpl/oct). There was a significant relationship between spectral
peak perception and both vowel (r=0.66, p<0.0001) and consonant
(r=0.80, p<0.0001) recognition. In general, accurate speech recognition
(>90% correct) requires that a listener be able to perceive at least 3
rpl/oct. These results suggest that the spectral peak perception test used
in this study is predictive of speech recognition across the wide range of
listener abilities, and that efforts to improve spectral peak perception for
CI users, via for example improved electrode arrays and speech
processing strategies, may lead to improved speech perception ability.

Supported by NIDCD

Noise Susceptibility of Cochlear Implant Users: The
Role of Spectral Resolution and Smearing

*Qian—Jie Fu, Geraldine Nogaki Department of Auditory Implants
and Perception, House Ear Institute, 2100 West Third Street, Los
Angeles, CA 90057

Current multi-channel cochlear implant devices provide high levels of
speech recognition in quiet. However, performance deteriorates rapidly
with increasing levels of background noise. Previous studies have
shown that this noise susceptibility may be partly due to the loss of fine
spectral information. The present study evaluated the effects of
modulated speech-shaped noise on sentence recognition by cochlear
implant listeners and normal-hearing subjects listening to a noise-band
implant simulation. Implant listeners wore their everyday speech
processors; for the noise-band processors, the spectral resolution was
varied according to the number of channels, while spectral smearing
was varied according to the slope of the carrier filters. Speech
recognition thresholds (SRTs) were measured for one steady-state and
six modulated noise conditions (modulation frequencies between 1 and
32 Hz). Results showed that implant users did not experienced any
release from masking for any of the modulated noise conditions.
However, for all modulation rates, normal-hearing listeners experienced
significantly more release from masking as the spectral resolution was
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increased. This release from masking was reduced as the amount of
spectral smearing increased. Interestingly, for all modulation rates, the
SRTs of implant listeners were very close to those of normal-hearing
subjects listening to 4-channel noise-band with large amounts of
spectral smearing. These findings suggest that the noise susceptibility of
cochlear implant users is primarily due to the reduced spectral
resolution and increased spectral smearing caused by electrode
interaction.  Efforts to improve the spectral resolution and reduce
electrode interaction should improve implant performance in noise,
especially temporally modulated noise.

Work supported by NIDCD

Speech Recognition in Noise: Comparison of Two
Acoustic Cochlear Implant Models Using Normal Hearing
Subjects

*Jeremiah J. Kemus, Chandra S. Throckmorton, Leslie M. Collins
Electrical and Computer Engineering, Duke University, Durham,
NC

Some cochlear implant patients perform very well in laboratory tests of
speech recognition. In noisy conditions, as routinely encountered in
daily life, the task of recognizing speech becomes considerably more
difficult. This study measures speech recognition for normal-hearing
listeners using two acoustic cochlear implant models at eight signal-to-
noise levels, ranging from +10 dB to -2 dB. The extensive range of
signal-to-noise levels and the measurement of performance using both
acoustic models for every subject distinguish this study from previous
work. Sentences from the Hearing In Noise Test (HINT) combined
with long-term speech average spectrum shaped noise were processed
using an eight analysis, eight presentation filter (8F) model analogous to
the Continuous Interleaved Sampling (CIS) speech processor, and a
twenty analysis, six presentation filter (6/20F) model similar to the
Spectral Peak (SPEAK) speech processor. Preliminary results indicate
higher speech recognition scores on within-subject sentence sets using
the 6/20F model. Overall group performance also indicates better
performance using the 6/20F model versus the 8/F model in noisy
conditions.

Threshold Prediction for Noise-Modulated Pulse
Trains

*Vifang Xu,Leslie M. Collins Electrical and Computer Engineering,
Duke University, Durham, NC

The incorporation of low levels of noise into an electrical stimulus has
been shown to improve frequency representation in a single sciatic
nerve [Morse R. and Evans F. “Enhancement of vowel coding for
cochlear implants by addition of noise.” Nature Medicine, 2(8): 928-
32, 1996] and thresholds in human subjects [Zeng FG. Fu QJ. Morse R.
“Human hearing enhanced by noise.” Brain Research. 869 (1-2): 251-5,
2000]. These studies utilized physiological or psychophysical
procedures and data.

Theoretical neural responses to noise-modulated single-pulse stimuli
have also been studied previously [Xu YF and Collins L.M. “Threshold
prediction for a noise-modulated electrical stimulus using a stochastic
auditory nerve model: implications for cochlear implants”, ARO2002].
The addition of noise did not enhance threshold or intensity
discrimination with single-pulse stimuli. In this work, thresholds for
noise-modulated pulse train stimuli are predicted by utilizing a neural-
behavioral model of ensemble fiber responses to bi-phasic stimuli. A
count comparison rule has been presented for both threshold and
intensity discrimination under the assumption that loudness is a
monotonic function of the number of neuron spikes [Bruce I. et. al.,
“The effects of stochastic neural activity in a model predicting intensity
perception with cochlear implants: low-rate stimulation”, IEEE Trans.
Biomed. Eng. 46(12): 1393-404, 1999]. An alternative approach
involves analyzing the neural response to each pulse within the pulse
train in order to investigate threshold performance. We first derive the
stochastic properties of the auditory nerve response to each pulse within
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the pulse train. Then, the probability of detecting portions of the total
stimulus is studied (N of M test) and a logarithmic rule is hypothesized
for the pulse train threshold. The predictions from this rule are shown to
match psychophysical data not only for the noise-free stimuli but also
for the noise-modulated stimuli.

Influence of Pulse Rate on Channel Interaction in a
Cochlear Implant

#*John C Middlebrooks, Matthew T. Charous Kresge Hearing
Research Institute, University of Michigan, Ann Arbor, MI

We measured the effect of sub-threshold stimulation of one cochlear-
implant channel on the threshold of a second channel. Two-channel
electrode arrays were implanted acutely in the scala tympani of
anesthetized guinea pigs. Stimuli were trains of biphasic electrical
pulses, 20 microsec per phase, presented from both channels either
simultaneously or interleaved in time. Neural spike activity was
recorded simultaneously from 16 sites in the primary auditory cortex.
Channel interaction was quantified as the shift in the cortical threshold
for apical-channel stimulation that was produced by sub-threshold
stimulation of the basal channel.

In every case, threshold shifts were substantially greater when pulses
from two channels were simultaneous than when they were interleaved;
simultaneous basal-channel stimuli at >12 dB below the basal-channel
threshold produced appreciable apical-channel threshold shifts. In
interleaved conditions, threshold shifts consistently were greater at
pulse rates of 4069 pulses per second (pps) than at 254 pps. For
instance, 4069-pps trains at >3 dB below the basal-channel threshold
produced appreciable threshold shifts whereas 254-pps trains produced
threshold shifts only when the basal channel stimulus was within 1 dB
of its threshold. Threshold shifts were insensitive to the duration of
inter-pulse delays in the range of 40 to 123 microsec. In contrast, delays
of 1966 microsec abolished threshold shifts in the 254-pps condition.
We also tested the influence of pulse rate on thresholds in a one-channel
condition. Thresholds were constant for pulse rates of 250, 500, and
1000 pps but decreased at a rate of ~2 dB per doubling of rate from
1000 to 8000 pps. Increased channel interaction at high pulse rates is of
concern because of the trend toward use of higher pulse rates in speech
processors for cochlear prostheses.

Supported by NIDCD ROI1 04312

Effects of High-Rate Pulse Trains on Frequency
Discrimination by Cochlear Implant Users.

*Ted A. Meyer, Jay T. Rubinstein, Robert Hong Dept. of
Otolaryngology-HNS, University of lowa, lowa City, A

It has previously been demonstrated that the addition of a high-rate
“conditioning” or “desynchronizing” pulse train produces spontaneous-
like activity in a computational model of the deafened auditory nerve
[Rubinstein et. al., Hear Res, 1999]. Animal studies support these
predictions. We have recently demonstrated gains in dynamic range on
individual electrodes by users of the Clarion C-II cochlear implant
[Hong et al., Otol & Neurotol, (in press)]. A 5000-pps biphasic pulse
train was used to generate spontaneous-like activity in the neurons
stimulated by the particular electrode pair, resulting in increases in
dynamic range consistent with stochastic resonance (mean largest
increase ~7 dB). In the present study, we examined the effects of the
conditioning pulse train on frequency discrimination on a single
electrode pair. Subjects had participated in the dynamic range study
and were familiar with the psychophysical testing. The electrode pair
demonstrating the greatest increase in dynamic range was selected for
the present study. Using a 3-interval forced-choice procedure, the
chosen electrode pair was stimulated with three 500-ms sinusoid bursts.
The reference stimuli were two 202-Hz sinusoids, while the test signal
was a sinusoid higher in frequency than the references. The subjects
were asked to identify the test signal. The procedures were carried out
with and without the conditioning pulse train. Similar results were
obtained whether the conditioner was present or not suggesting that at
least in this preliminary study, the addition of a 5000-pps pulse train
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does not improve a CI user’s ability to make fine discriminations along
the frequency domain on a single electrode pair.

Supported by NIH/NIDCD program project DC00242, and Neural
Prosthesis Contract DC92107, Advanced Bionics Corporation and
Texas Instruments)

Perception of Sinusoidal Modulations of High-Rate
Electric Pulse Trains by Cochlear Implant Listeners

#Leonid Litvak, Edward Overstreet, Andrew Voelkel R&D, Auditory
Systems, Advanced Bionics Corporation, Sylmar, CA

In continuous interleaved sampling strategies (CIS) for cochlear
implants, sound is represented as modulations of electric pulse trains.
The HiRes strategy from Advanced Bionics can accurately represent
fluctuations as fast as 4000 Hz in the modulation envelope. Although
HiRes represents more of the sound as compared to earlier CIS, it is
unclear whether cochlear implant listeners can use the additional
information contained in these higher-frequency envelope fluctuations.
In this study, subjects were asked to judge relative closeness (in pitch)
of an electric, sinusoidally modulated pulse train (test sound), to two
standards: one a modulated pulse train (modulation frequency 100 Hz),
and another, an unmodulated pulse train. All three sounds had the same
carrier rate (either 3 or 10 kHz). Modulation frequency of the test sound
was varied from 100 to 1000 Hz. Because perceived loudness may
depend on modulation frequency, amplitude of the test sound was
varied from presentation to presentation.

For all subjects except one (who reported no difference in pitch between
standards), perceived pitch of the test sound changed methodically with
modulation frequency from pitch of first to pitch of the second standard.
Perceived pitch depended weakly on amplitude of the test sound,
suggesting that it is based primarily on modulation frequency. The
lowest modulation frequency for which perceived pitch was near that of
the second standard varied from 300 to 800 Hz across subjects. Subjects
also differed in qualitative description of the differences between the
two standards. One subject described low-rate modulated pulse trains as
complex, and unmodulated pulse trains as pure, while another described
both as pure sounds. These results suggest that most subjects should
benefit from the additional temporal information in the HiRes strategy.

The Time Course of ""Simultaneous' Masking in
Cochlear Implant Listeners: an "Overshoot" in Electrical
Stimulation?

#R. L. Smith', M. Chatterjeez, N Sanpetrino3 IISR, Syr U, Syr, NY,
’DAIP, HEIL, LA, CA, *ISR, SU, Syr, NY

The present study was aimed at obtaining a further understanding of the
temporal properties of the masking caused by background sounds in
cochlear implant listeners. The detectability of a 20-ms-long probe was
measured as a function of time delay (TD) from the onset of a 300-ms-
long background to the onset of the probe. Probe and masker signals
were both 500-Hz pulse trains with their pulses interleaved in time.
Subjects were three adult users of the Nucleus-22 cochlear implant.
Signals were presented in bipolar+2 mode with the background always
on electrode pair (10, 13) and the probe on either (10, 13), or applied
remotely at (4,7) or at (16, 19). Thresholds for the probe were
determined using a 3-interval forced-choice paradigm with feedback.
Backgrounds were applied at various sensation levels ranging from that
just producing masking of a probe on (10, 13) to an upper level at
approximately 70% of the listener's dynamic range.

The backgrounds almost always produced masking that was a function
of TD, first increasing and then reaching a maximum by a TD of 21 ms.
Masking then decreased to a quasi steady-state (SS) value at TDs in
excess of 121 ms. Hence these data exhibited an "overshoot" in masking
analogous to that seen psychoacoustically. The maximum and SS
threshold shifts increased as a function of masker level, as did the
overshoot as measured by the difference between them in microamps.
The dB overshoot either increased or remained constant as masker level
increased. Masking and overshoot decreased for probes applied at the
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remote electrodes, however, similar amounts of SS threshold shift
generally corresponded to more overshoot for the remote electrodes.
The maximum overshoot observed ranged from 1.5 to 2.0 dB across
subjects, which is significant considering the limited dynamic range in
cochlear implants.

Work supported by NIDCD

Binaural Interaction with Bilateral Cochlear Implants
in Cats

*Gunter Reuter, Anja Schlinkert, Dina Wilkens, Peter R Issing,
Thomas Lenarz ENT, Medical University Hannover, Hannover,
Germany

Since some years children and adults were implanted with Cochlear
Implants bilaterally. But there exist no or poor physiological data till yet
analysing binaural interaction during electrical stimulation during
maturation. Therefore binaural interactions in brain-stem auditory
evoked potentials were studied in normal hearing kittens and adult cats,
neonatally and adult deafened cats. The stimuli were binaurally
symmetrical and isochronical presented at 40 dB SL (sensation level) or
with interaural time disparities (ITD) of +/- 0,1 to +/- 2,5 ms, or
intensity disparities (IID) of +/- 2 to +/- 14 dB. At the age of 9 to 30
days the recordings took place every 4 days, later once a week.

The binaural interaction component (BIC) could be clearly identified at
day 17 in four kittens. All cats showed a BIC at day 20.There were great
differences in the amplitudes and latencies of wave 4 of the ABR. Wave
5 first appears at day 17. From day 17 to day 60 the BIC became more
prominent and the latency of the BIC-components (DP1, DN1, DP2 and
DN2) decreased. After day 60 the BIC had adult form. The findings of
this study were compared with adult cats that were implanted with
intracochlear electrodes. During the recording the electrical thresholds
for apical, basal and electrode pairs 1-8 were evaluated for both
implants. Bilateral stimuli at about 3 to 4 dB-pA above the thresholds
were presented to both ears. In all electrode pairs the amplitude of the
sum of the monotic stimulation was larger than the recordings with
diotic stimulation so that a BIC could clearly be identified.

These results showed that the advantages of binaural hearing such as
binaural fusion, localisation and detection of signals in noise, could also
be achieved by a bilateral cochlear implant stimulation.

Psychophysical Studies on Sound Localization and
Speech Intelligibility in Noise in Bilaterally Implanted
Cochlear Implant Users

#Ruth V. Litovsky', Jennifer Arcaroli’, Aaron Parkinson?, Steven
Staller’ 'Waisman Center, University of Wisconsin, Madison,
WL, %Clinical Studies, Cochlear Americas, Denver, CO

In recent years, there have been improvements in speech processing
strategies used in Cls, which are particularly evident in speech
understanding in quiet. However, for most CI users speech reception in
a noisy or complex environment is still very challenging. To address
this problem, a limited number of CI patients have received two
implants. Most patients' anecdotal reports are extremely positive; they
much prefer the use of both Cls together and report that auditory images
are significantly more externalized and localizable. However, objective
measures of these reports are rather sparse. As part of a multi-site
bilateral clinical trial, 45 patients, , received simultaneous, bilateral
cochlear implants (Nucleus 24 Contour). All patients use the same
speech processor and coding strategy for both ears. Testing was
conducted on a subset of 17 patients, at least 3 months after activation
of the two processors. All tests were repeated with both implants
activated or with each implant separately. Tests included sound
localization with an 8-speaker array, and speech intelligibility in the
presence of competing babble. Preliminary results suggest that bilateral
devices generally have an advantage compared with the "better ear"
device. With one device most users are unable to identify source
locations, or even the correct hemifield. With bilateral implants, the
majority (88%; 15/17) of patients show improvement in location
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identification. In addition, speech intelligibility in the presence of
competing babble is better with bilateral devices than with either ear
alone, especially when the target and interfering signals are spatially
separated.

Click Train Encoding in a Song Bird; Evidence For
Two Mechanisms of Pitch Perception

*Jeffrey A. Cynx

In humans, the pitch of click trains composed of pulses with the same
and alternating polarity can vary depending on whether the pulse
sequences are below 100 Hz or above 200 Hz. Below 100 Hz, the pitch
is equal to the pulse rate regardless of polarity. Above 200 Hz, the pitch
is determined by the fundamental frequency and the pattern of click
polarity (J.L. Flanagan and N. Guttman, J. Acoust. Soc. Am., 1308-
1319,1960).  European starlings, Sturnus vulgaris, a species of
songbird, were trained on an operant procedure with bipolar stimuli on a
two tone discrimination, then tested with unipolar stimuli. We then
built a psychometric function, especially covering the ambigous region
between 100 and 300 Hz, and the upper frequency limits.

Effects of Pitch-Altered Auditory Feedback on
Budgerigar Vocal Production

#ichael Scott Osmanski, Robert J. Dooling, Venkatachalam V.
Plachikkat Dept. of Psychology, University of Maryland, College
Park, MD

Birds rely on auditory feedback (AF) to develop and maintain a normal
vocal repertoire. Most of what is known about this phenomenon comes
from deafening studies in young and adult birds. Recent work,
however, has uncovered intricate effects of AF on vocal production.
For instance, altering or disrupting AF in zebra finches generally results
in the production of abnormal songs in which new syllables are created
and existing syllables are multiplied, distorted, or deleted entirely.
Because of the obvious parallels between birdsong and human speech
and language, there is considerable interest in understanding the
mechanisms whereby AF allows a bird to learn and produce stable song
throughout its life. Previous work has shown that budgerigars increase
the intensity of their contact calls in the presence of increasing levels of
background noise, a phenomenon known in humans as the Lombard
effect (Manabe et al., 1997). Here we extend these experiments to the
pitch-shift reflex, an involuntary raising or lowering of a speaker's voice
pitch in response to a reciprocal raising or lowering of the AF pitch.
We trained budgerigars to produce contact calls for food reinforcement
in the presence of pitch-shifted AF. Results suggest that these birds,
like humans, can adjust the pitch of their calls to compensate for the
presence of altered feedback.

Discrimination of Pitch Direction by Macaque
Monkeys

#Wichael Brosch, Elena Selezneva, Henning Scheich ALS, Leibniz-
Institut fiir Neurobiologie, Magdeburg, Germany

Behaviorally significant information is contained in the spectral and
temporal relationships between the individual elements of acoustic
signals. For example, humans recognize melodies widely independent
of the spectral composition, pitch, and intensity of the notes and of the
tempo of the tune. After an extensive research, D'Amato (Music Perc.,
5: 452-480, 1988) concluded that animals cannot hum a tune because
they do not recognize relationships between tones. Recent studies,
however, have found evidence that monkeys can extract tone
relationships (Wright, AA et al., 2000; Hauser, MD et al., 2001). The
goal of the present study was to explore whether monkeys have the
capacity to recognize melodies.

The most salient feature for the recognition and identification of
melodies is the pitch direction, which is characterized by the sequential
up- and-down patterning of the pitches of adjacent tones in a tune.
Therefore, we trained two Macaca fascicularis to discriminate the
direction of a pitch change. As this task was quite difficult, task
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complexity was progessively increased during training. Initially,
subjects were trained with sequences of repeating tones with two
different frequencies, in which they had to signal when the frequency of
the tones changed. Subsequently, sequences of repeating tones with 3
different frequency were used. Subjects were now required to respond
when the frequency of the tones changed in a downward direction and
to refrain from responding when the frequency remained constant or
increased. After several ten thousands of trials, subjects categorized
pitch directions well above chance level, over a 4.5-octave range of
frequencies and largely independent of the ordinal position of the
downward pitch direction within the sequence. This indicates that
monkeys can recognize pitch relationships and suggests that monkeys
have the ability to identify melodies.

Fusion of Harmonic Partials by Ferrets

#Sridhar Kalluri’, Jonathan B. Fritz, Shihab Shamma' 'Institute for
Systems Research, University of Maryland, College Park, MD,
Neural Systems Lab, ISR, University of Maryland, College Park,
Maryland

Human listeners automatically fuse harmonically-related spectral
components of sound into a unitary perceived entity, a phenomenon that
is important for the ability to parse a sound field into its many
constituent sources. In order to determine whether harmonicity is a
similarly potent grouping cue in animals, we tested if ferrets can
distinguish between harmonic and inharmonic complex tones.

To test if harmonic fusion occurs automatically (rather than with
practice) animals were trained to discriminate pure tones from
inharmonic complex tones, and then the learned categorization was
probed with harmonic complex tones. Water-deprived animals drank
from a spout while listening to ongoing inharmonic-complex-tone
reference sounds. They were trained to withdraw from the spout for
pure-tone targets by means of a mild shock immediately after failed
withdrawals for the target. The unitary quality of pure tones, as opposed
to the disjointed quality of inharmonic complex tones, was the main cue
available for distinguishing between reference and target sounds. After
proficiency was reached at the task (> 80% targets detected), 10% of the
reference sounds were replaced by harmonic-complex-tone probes to
test if they, like the pure tones, elicited withdrawal. The probes were
detected at a four times greater rate than the false-alarm rate in one of
two ferrets tested, which suggests that harmonic complex tones were
distinguished from inharmonic complex tones and that they were
confused with the pure tone. In the other ferret, the probes were not
detected at a significantly different rate than the false-alarm rate,
probably because the animal cued on the timbre difference between
pure tones and complex tones.

The finding that at least one animal distinguished harmonic complex
tones from inharmonic complex tones suggests that ferrets can
automatically fuse harmonically-related spectral components of sound.

Evidence that Musical Universals are Determined by
the Statistical Characteristics of Human Voices

*Pavid A Schwartz, Catharine Howe, Dale Purves Neurobiology,
Duke University, Durham, NC

Listeners of all ages and societies perceive tones separated by an octave
interval as musically equivalent and produce a similar consonance
ordering of chromatic scale tone combinations. The apparent
universality of these perceptual phenomena suggests a basis in some
fundamental, species-wide property of human audition. This
hypothetical property, however, has remained elusive, for despite
intense interest in these perceptual phenomena over several millennia,
they have no generally accepted explanation in physical, psychological
or biological terms. Here we show that both octave equivalence and
consonance ordering can be understood in terms of the statistical
relationship between a pattern of sound pressure at the ear and the
possible generative sources of the acoustic energy pattern. Since
conspecifc vocalizations are the primary source of the tone-evoking
(i.e., periodic) sound energy to which humans are exposed, we obtained
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normalized spectra from >100,000 recorded speech segments. The
probability distribution of amplitude/frequency combinations derived
from these spectra predicts the perception of octave equivalence, the
fundamental frequency ratios that define the chromatic scale intervals
and the consonance ordering of chromatic scale tone combinations. We
suggest that these observations reveal the statistical character of the
underlying process by which the auditory system guides biologically
successful behavior in response to inherently ambiguous sound stimuli.

Infants' Perceptions of Transposed Melodies

*Paniella A. Kim Lynne A Werner Department of Speech and
Hearing Sciences, University of Washington, Seattle, WA

In music, pitches are defined by height and chroma. It has been
suggested that infants are similar to adults in their perception of tone
chroma (Demany and Armand, 1984), in that they perceive two notes an
octave apart as having the same chroma. This is called "octave-
equivalence". In previous reports, using simple tonal melodies, we have
shown that infants learn to treat a transposition as equivalent to a base
melody faster for transpositions of the 4th and 5th than for the octave.
This is opposite of what would be predicted if infants recognized the
common chroma of the base melody and octave transposition. In the
present study, infants' and adults' perceptions of the 7th and 9th
transpositions were tested. These intervals bracket the octave in tone
height, but do not share common chroma with the base melody.
Subjects were tested using an observer-based procedure. After having
heard a standard background melody, subjects were trained to respond
to a training melody of a different contour and key. Once that
discrimination had been learned, transpositions of the background
melody were introduced. Each test condition contained the original
background melody and one type of transposition of the background
melody. Both adult and infant subjects were then trained to continue to
respond to the training melody, but not to the transposition of the
background melody. If infants are similar to adults in that they
recognize the shared chroma of the background melody and its octave
transposition, they should learn to ignore the octave transposition more
quickly than other transpositions. The results showed that infants treated
the test transpositions of the 7th and 9th more like they had treated the
octave, and not like transpositions of the 4th or Sth. It still took more
trials for infants to learn that test transpositions of the 7th and 9th were
simply transpositions of the background melody, suggesting a
frequency distance effect rather than supporting octave-equivalence.

Pitch Perception of Transposed Stimuli

#ndrew J. Oxenham, Hector Penagos Research Lab. of Electronics,
M.LT., Cambridge, MA

This study examines our ability to use high-frequency envelope cues,
normally only available in the low-frequency fine structure, to perceive
pitch. By multiplying a high-frequency carrier with a halfwave-rectified
low-frequency modulator, van de Par and Kohlrausch [J Acoust Soc
Am 101:1671-80 (1997)] found that these "transposed" stimuli could
produce very good performance in binaural tasks. We tested whether
this conclusion was also true for monaural temporal processing, in
particular for frequency discrimination. Frequency difference limens
(FDLs) were measured for sinusoids with frequencies from 55 to 320
Hz and for transposed stimuli with carrier frequencies between 4000
and 10000 Hz. Binaural lateralization performance was studied in the
same subjects by measuring just-noticeable differences in interaural
time differences (ITDs) using the same tones and transposed stimuli.
Replicating Bernstein [J Neurosci Res 66:1035-46 (2001)], ITD
performance for the transposed stimuli matched or exceeded that for the
low-frequency tones for frequencies up to 150 Hz. In contrast, FDL
performance was considerably worse for transposed stimuli than for
pure tones in all conditions. Complex pitch perception was tested by
modulating three high-frequency carriers with the second, third, and
fourth harmonics of a low-frequency fundamental, and requiring
listeners to judge whether the pitch of the resulting complex was higher
or lower than the pitch of a transposed fundamental alone. Despite some
training and continuous feedback, no listener could perform the task,
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suggesting that they were unable to extract the fundamental from the
complex. The results suggest that temporal information alone is not
sufficient to produce strong pitch salience. Instead, and in contrast to
most current temporal models of pitch, stimulation at the "correct" place
along the cochlear partition may be crucial for good pure-tone and
complex pitch perception.

Work supported by NIH grant ROI DC 05216.

Pitch Shifts For Unresolved Complex Tones And The
Implications For Models Of Pitch Perception

*Rebecca Kensey Watkinson, Christopher John Plack Department of
Psychology, University of Essex, Colchester, United Kingdom

This experiment compared the pitches of complex tones consisting of
unresolved harmonics with fundamental frequencies (FOs) of 100, 125,
166.67, and 250 Hz. The complexes were bandpass-filtered between the
22nd and the 30th harmonic to produce a set of unresolved harmonics
with distinct envelope peaks ("pitch pulses"). Each tone burst had a
duration of 5 waveform cycles and two tone bursts were presented
consecutively, separated by a brief gap of either 0, 1, or 2 waveform
periods. The envelope phase of the second tone burst in each pair was
advanced or delayed by 0.25, 0.5, or 0.75 periods. Effectively, this
resulted in a variation in the inter-pulse interval (IPI) between the two
tone bursts. A no-shift control was also included, in which the IPI was
fixed at an integer number of periods. Pitch matches were obtained by
varying the FO of a comparison complex tone with the same temporal
parameters as the standard, but without the phase shift. Relative to the
no-shift control, the variations in IPI produced substantial pitch shifts
when there was no gap between the bursts, but no effect was seen for
gaps of 1 or 2 periods. This is consistent with a pitch mechanism
employing a long integration time for continuous stimuli that is reset in
response to temporal discontinuities of greater than 1 period of the
waveform. The results were inconsistent with the autocorrelation model
of Meddis and O’Mard (1997), but a modification of the weighted
mean-rate model of Carlyon et al. (2002) could account for the data.

Effects of Harmonic Resolvability on the Cortical
Activity Produced by Complex Tones

#Hector Penagos', Andrew J. Oxenham?, Jennifer R. Melcher®
'Speech and Hearing Bioscience and Technology Program,
M.LT., Cambridge, MA, Research Lab. of Electronics, M.LT.,
Cambridge, MA, *Eaton-Peabody Laboratory, Massachusetts Eye
and Ear Infirmary, Boston, MA

Activity in certain areas of human auditory cortex increases with
temporal regularity in iterated rippled noise (IRN; Griffiths et al., Nat.
Neurosci. 1:422-7, 1998). Because temporal structure and pitch
salience co-vary with IRN, it is not clear whether the changes in cortical
activity reflect pitch salience or stimulus regularity. Complex tones
comprising peripherally resolved harmonics evoke a stronger pitch than
unresolved harmonics, despite both being perfectly periodic. Here we
used functional magnetic resonance imaging (fMRI) to investigate
whether harmonic resolvability can affect human cortical evoked
activity. Four conditions were used, comprising complex tones with
either low (80 to 95 Hz) or high (240 to 285 Hz) fundamental
frequencies (F0), bandpass filtered into either low (320 - 1150 Hz) or
high (1200 - 2000 Hz) spectral regions. Both low-FO and high-FO
complexes contained resolved harmonics in the low spectral region, but
only the high-FO complex contained resolved harmonics in the upper
spectral region. The brains of normal-hearing subjects were scanned
while listening passively to the stimuli. A comparison of the activation
across the different conditions revealed a difference between resolved
and unresolved harmonics that could not be attributed to FO or spectral
region. These results suggest that the changes in cortical activity may
reflect pitch salience rather than regularity in the temporal waveform.

Grants: CONACYT 145843/150903, NIH R0! DC 05216, NIH/NIDCD
P01 DC00119.
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Population-interval Models for Pitch Masking and
Harmonic Resolvability

*Peter A. Cariani Otology & Laryngology, Mass. Eye & Ear
Infirmary, Boston, MA

Population-wide all-order interspike interval distributions at the level
the auditory nerve constitute a temporal, autocorrelation-like neural
representation of the stimulus spectrum for periodicities below ~5 kHz.
Features of these representations successfully predict the low pitches of
complex tones. Recently auditory nerve simulations were used to assess
whether these representations might also account for pitch masking and
harmonic resolvability.

Computer simulations incorporated an array of 24 logarithmically
spaced gammatone filters, half-wave rectification, low-pass filtering (2-
5 kHz rolloff), rate-level compression (3 fiber classes per CF), and
spontaneous activity. Global population-interval distributions were
computed by pooling autocorrelations of all fiber responses.
Distributions were then weighted using a tapering window (0-33 ms).
Estimated pitch salience was the ratio of pitch-related intervals/bin (in a
subharmonic interval bin sieve (1/f, 2/, 3/f ...n/f, £ 100 us) to the mean
intervals/bin in the distribution. Pitches with saliences > 1.3 were
assumed to be audible.

Pitch masking patterns for two simultaneous pure tones predicted from
simulated population-interval distributions qualitatively replicate basic
features of pure tone masking audiograms, such as upward spread of
masking and competition for cochlear territory. Predicted pitch
saliences of AM tones depended on both fc and harmonic number n
(ceteris paribus, higher n produced weaker pitches). Predictions were
generally consistent with the existence region for FO-pitch of AM tones.
For harmonic complexes (F0=100-400 Hz; n=1-12) saliences of
individual harmonics declined with increasing n. The model predicted
that the pitches associated with only the first 4 harmonics should be
audible/resolvable (saliences > 1.3). Other strengths and weaknesses of
these models are discussed.

Supported by NSF EIA-BITS-0130807.

Auditory Evoked Fields Reflect Minimum Duration
Thresholds in Temporal Pitch Processing

#ndre Rupp', Stefan Uppenkamp?, Alexander Gutschalk', Roy
Patterson’ 'Department of Neurology, University of Heidelberg,
Heidelberg, Germany, “Fachbereich 8, University of Oldenburg,
Medizinische Physik, Oldenburg, Germany, *CNBH, Department
of Physiology, University of Cambridge, Cambridge, United
Kingdom

In the Auditory Image Model (AIM), pitch corresponds to a stable
pattern of phase-locked time-intervals in the "Auditory Image". The
current studies were conducted to determine the time constants involved
in temporal pitch extraction and to relate these parameters to the
auditory evoked field (AEF). Psychoacoustic thresholds were
determined for a) the minimum duration required to detect a short
segment of a Regular Interval (RI) sound embedded in noise, and b) for
the detection of a short segment of noise in a RI sound. Experimental
variables were the delay and the number of iterations for RI generation.
There were four listeners. As expected from AIM, threshold duration
was found to increase with the delay of the RI sound and to decrease
with its temporal regularity, both for RI sounds in noise and vice versa.
However, thresholds for the detection of RI sounds were significantly
lower than for the reverse. The AEF-experiment had eight conditions:
four RI sounds with one of two delays (8 or 20 ms) and one of two
degrees of regularity (low and high) were presented in noise and vice
versa. Responses from seven subjects were recorded using
magnetoencephalography. Source waveforms derived from one
equivalent dipole located in Heschl's gyrus in each hemisphere revealed
marked differences between conditions. RI sounds evoked a prominent
anterior N1m that was found to increase with the number of iterations,
length of the RI sound and decreasing delay. In contrast, noise bursts
evoked an early positive response. The correspondence between the
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asymmetry of masking in the perceptual data and the N1m asymmetry
suggest that the source is a pitch-sensitive generator.

Different Effects of Overnight Consolidation on Three
Types of Learning in Interaural-Time-Difference
Discrimination

*Jeanette A. Ortiz, Beverly A. Wright Communication Sciences
and Disorders, Northwestern University, Evanston, IL

Training on perceptual discrimination often yields improvements after a
period of consolidation, during which the new skills and memories are
stabilized. We investigated whether consolidation could be used to
differentiate three types of learning proposed to occur early in training:
learning of (1) the general methodology, (2) the discrimination task, and
(3) the specific stimulus. We tested listeners on a target interaural-time-
difference (ITD)-discrimination condition following 20 min. of training
on a condition that shared in common with the target condition (1) only
the methodology, (2) the task and methodology, or (3) the stimulus,
task, and methodology (the target ITD condition itself). ITD testing
occurred either immediately after training (presumably before
consolidation) or on the day after training (presumably after
consolidation). Methodology-trained listeners had slightly lower ITD
thresholds than 67 untrained controls, both before (n=10) and after
(n=9) consolidation, revealing methodology learning that was not
affected by consolidation. Both 14 task/methodology-trained listeners
and 20 target ITD-trained listeners had ITD thresholds significantly
lower than controls before consolidation, revealing general task learning
but no apparent stimulus-specific learning. However, after
consolidation, ITD thresholds were significantly lower than controls for
20 ITD-trained listeners but not for 15 task/methodology-trained
listeners, revealing stimulus-specific learning and a seeming loss of
general task learning. Consolidation of specific learning likely occurred
overnight, as 16 task/methodology-trained listeners who tested 10 hours
after training on the same day still had ITD thresholds significantly
lower than controls. Thus, consolidation differentiated three types of
learning, having no effect on methodology learning, and masking task
learning by enhancing stimulus learning.

Supported by NIH

Learning of Interaural-Time-Difference
Discrimination with High-Frequency Complex Tones

#Vuxuan Zhang', Beverly A. Wright® 'Neuroscience Institute,
Northwestern University, Evanston, IL, 2Communication
Sciences and Disorders, Northwestern University, Evanston, IL

Interaural time differences (ITDs) and interaural level differences
(ILDs) are the two primary cues used to localize sound sources on the
horizontal plane. Previously we reported that, following a stage of rapid
learning, multi-hour practice induced further learning on human
discrimination of pure-tone ILDs at 4 kHz but not ITDs at 0.5 kHz [1].
Here we investigated whether these different learning patterns resulted
from greater plasticity in the binaural processing of (1) stimuli with
high than low center frequencies or (2) ILD than ITD cues. Toward this
end, we trained 7 normal-hearing listeners 1 hr/day for 9 days to
discriminate the lateral position of a 4-kHz tone that was sinusoidally
amplitude modulated at 0.3 kHz, based on on-going ITDs in both the
envelope and fine structure of the sound. Before and after training, we
tested the trained listeners and 8 untrained controls on the trained
condition. The final average threshold of all listeners was 217 ps,
markedly higher than the 33 ps previously obtained with pure tones.
Nevertheless, similar to our previous pure-tone results, the thresholds of
both trained and control listeners decreased significantly and equally,
and none of the trained listeners learned over the training sessions,
indicating that learning occurred rapidly and that further practice had no
effect. Thus, taken together with our previous results, we observed (1)
the same learning pattern for ITD discrimination of sounds with both
high and low center frequencies, and (2) different learning patterns for
ILD and ITD discrimination of sounds with a high center frequency.
These results suggest that the different learning patterns of ITD and ILD
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discrimination reflect differences in the plasticity of ILD and ITD
processing.

Supported by NIH

[1]Wright BA, Fitzgerald MB (2001). Different patterns of human
discrimination learning for two interaural cues to sound-source location.
PNAS 98, 12307-12312.

Binaural Training Effects on Spatial Release from
Masking in Children Following Otitis Media with Effusion
(OME)

#Ruth V. Litovsky' Helena Constantinides’, Patti Johnstone', David
R. Moore? 'Waisman Center, University of Wisconsin, Madison,
WI, *Physiology, Oxford University, Oxford, United Kingdom

The long-term effects of OME on hearing are not well understood.
Children who have chronic OME can spend much of the first few years
of life with disrupted interaural level difference (ILD) and interaural
time difference (ITD) cues that vary as a function of the pathology.
Their fluctuating conductive hearing loss might impair their ability to
utilize binaural cues. Reduced binaural unmasking has been reported,
and it is possible that chronic OME might also impair the ability to
interpret speech materials in the presence of spatially separated
interfering signals. Finally, recovery from OME-induced impairments
may be accelerated with auditory training. We studied 6 children aged
9-11, who had OME for the majority of their lives and had been treated
with ventilation tubes. They had reduced ILD and ITD discrimination
ability. Binaural training in a pure tone, 2AFC task in ILD or ITD
discrimination, or both, was undertaken for 30 minutes/day for 6 days.
An adaptive staircase was used for threshold estimation and feedback
was given on discrimination performance. Speech Reception Thresholds
(SRTs) were obtained PRE and POST training using a 4AFC task, with
targets presented in front and interfering speech from 0° front or 90°
right. Results suggest that SRTs are lower in the POST-training
conditions, especially in the most difficult condition, with both target
and interferer at 0° front. While binaural abilities may not be
permanently compromised as a result of OME, it is possible that
binaural training facilitates the recovery of children’s ability to extract
signals in noisy environments.

Predicting Masked Detection and Speech Recognition
in Reverberant Rooms

#Richard L. Freyman', Patrick M. Zurek? lDept. of Communication
Disorders, University of Massachusetts, Amherst, MA,
Zpresident, Sensimetrics Corporation, Somerville, MA

The purpose of this research is to develop a model to account for
masked detection of signals in reverberant rooms and to use that
understanding to predict speech reception in reverberation. In particular,
the goal is to predict detection and speech recognition as functions of
room variables (size, acoustic absorption), source variables (spectral
content, location, and directivity index of the signal and masker
sources), and listener variables (left-ear, right-ear, or binaural listening).
To enable initial measurements of signal detection in well-controlled
and manipulable conditions, an image-method simulation of a
rectangular room was used, with a sphere modeling the head. Signals
and maskers created with this simulation were presented to listeners
over headphones. Monaural and binaural masked detection thresholds
were obtained for one-third-octave noise signals in a broadband masker.
Primary stimulus variations included signal frequency, room absorption,
and source direction and distance. Monaural detection results were
modeled using general room acoustics equations combined with sphere
diffraction to estimate the signal-to-masker ratio at each ear.
Predictions of binaural detection were based on Durlach’s EC model.
Among the predictions tested in this study were that reductions in
binaural advantages with increasing reverberation occur because of
increasing reverberation of the masker, not the signal. Also explored
was the nature of the interaural correlation of early and later reflections
and how these affect predictions of binaural release from masking. The
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predictions based on the combination of room-acoustics equations and
the EC model provide an acceptable account of the monaural and
binaural detection data examined thus far. Such detection predictions
allow binaural advantages and source-direction effects to be
incorporated into methods for predicting speech intelligibility in
reverberation.

Work supported by NIH (DC 01625 and DC 00100).

Enhancing ITD-Based Extents of Laterality at High
Frequencies by Using “Transposed Stimuli”

#Leslie K. Bernstein', Constantine Trahiotis> 'Neuroscience,
University of Connecticut Health Center, MC3401, 263
Farmington Avenue, Farmington, CT 06089, 2Neuroscience and
Surgery (Otolaryngology), University of Connecticut Health
Center, Farmington, CT

An acoustic pointing task was used to determine whether interaural
temporal disparities (ITDs) conveyed by high-frequency “transposed”
stimuli, having envelopes designed to provide high-frequency channels
with information similar to that available in low-frequency channels,
would produce larger extents of laterality than ITDs conveyed by bands
of high-frequency Gaussian noise. Lateralization was measured for
low-frequency Gaussian noises, the same noises transposed to 4 kHz,
and high-frequency Gaussian bands of noise centered at 4 kHz. Extents
of laterality obtained with the transposed stimuli were greater than those
obtained with bands of Gaussian noise centered at 4 kHz and, in some
cases, were equivalent to those obtained with low-frequency stimuli.
Additionally, the general effects on lateral position produced by
imposed combinations of bandwidth, ITD, and interaural phase
disparities (IPDs) on low-frequency stimuli remained when those
stimuli were transposed to 4 kHz. Overall, the data were fairly well
accounted for by a model that computes the cross-correlation
subsequent to known stages of peripheral auditory processing
augmented by low-pass filtering of the envelopes within the high-
frequency channels of each ear. These outcomes provide further
support for Colburn and Esquissaud’s (1976) hypothesis [H. S. Colburn
and P. Esquissaud, J. Acoust. Soc. Am. 59, S23 (1976)] that frequency-
related differences in sensitivity to ongoing ITDs stem from frequency-
related differences in the properties of the temporal signatures of the
“internal” stimuli, rather than from frequency-related differences at the
level of binaural interaction, per se.

Work supported by research grants NIH DC-04147, DC-04073, and
DC-00234 from the National Institute on Deafness and Other
Communication Disorders, National Institutes of Health

Free-Field Binaural Unmasking in Rats: Effects of
Masker Level and Signal Frequency

#Bernhard H, Gaese', Christian Felsheim?, Jo Ostwald® 'Institute for
Zoology, J.W. Goethe-University, Frankfurt a. M., Germany,
Dept. of Animal Physiology, University of Tuebingen,
Tuebingen, Germany

The detection of acoustic signals in noise is important for understanding
both, the mechanisms of hearing and how the auditory system functions
under natural conditions. In the presence of a masking noise, detection
threshold is increased. Binaural unmasking quantifies the improvement
in threshold when signal and masker are presented with different
interaural properties. In the free-field condition used in our experiments,
spatially segregated sources for signal and masker created interaural
cues as they occur in the real world. These cues probably provide an
important basis for the segregation of complex auditory scenes and to
separate signals of behavioral relevance from background noise.

We investigated the effects of spatial release from masking in a small
mammal, the laboratory rat, with good high-frequency hearing ability.
Three well trained rats were tested in a 2AFC-procedure (constant
stimuli and adaptive testing) for the effects of masker level, signal
frequency, and the angle of separation between signal and masker
source. Animals had to detect the side of signal presentation in the
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presence of background noise offered from the same or a loudspeaker
located at a different direction. In most cases, the effect of a parameter
was tested very efficiently in a single session with the procedures using
different test values randomly interleaved.

Spatial release from masking was between 10 and 20 dB for the one
signal/one noise source situation depending on separation (90°, 180°)
and signal frequency (5, 10, 20, 30 kHz). Effects increased with signal
frequency, but were very similar for the 90° and 180° situation. Masker
level had only minor influences on masking thresholds. Therefore,
binaural unmasking is also present in the rat under various stimulus
conditions and these effects are especially pronounced in the high
frequency range.

The Effect of Recurrent Otitis Media with Effusion on
Binaural Hearing in Pre-Teen Children

*Helena Constantinides, David R. Moore Physiology, Oxford
University, Oxford, United Kingdom

Otitis media with effusion (OME) is a common childhood condition. It
causes a fluctuating conductive hearing loss, disrupting interaural level
differences (ILD) and interaural time differences (ITD), and reducing
masking level difference (MLD), another measure of binaural
processing ability. MLD remains reduced after resolution of OME but
returns to normal by the teenage years. We determined how children
with a history of recurrent OME performed in ILD and ITD
discrimination tasks and we measured their MLDs. Three groups were
tested: 9-11 year old children with a history of recurrent OME treated
with ventilation tubes (C1), age-matched children, prospectively studied
by regular tympanometry in their first six years of life, known to have
had minimal or no OME (C2), and audiometrically normal adults (A).
All subjects were tested on pure tone ILD and ITD discrimination using
a 2 alternative forced choice task. An adaptive staircase was used for
threshold estimation. MLD was derived from the difference between
thresholds in (i) a binaural condition of tone signal and noise,
interaurally in phase, and (ii) a condition in which the signal was
inverted by 180° in one ear. In ILD discrimination, C1 performed
significantly worse than C2. A similar trend was seen in ITD
discrimination. In both ILD and ITD, A performed significantly better
than C1 and C2. MLDs in C1 were not significantly smaller than in the
other groups, but showed greater variability. We conclude that children
with a history of recurrent OME perform worse in ILD and, to a lesser
extent, ITD discrimination tasks than age-matched controls. We suggest
that ILD may be relatively more disrupted by OME, or due to the
fluctuating nature of OME may be the less reliable cue, leading to a
slower recovery. Increased variability in MLDs may be due to the range
in time since recovery from OME.

@ Is There a Role for Sound Localisation in Speech
Intelligibility in Noise?

#Barrie Edmonds', John Culling® 'School Of Psychology, Cardiff
University, Cardiff, United Kingdom, *School of Psychology,
Cardiff University, Cardiff, United Kingdom

When a target voice is spatially separated from a concurrent interferer,
focusing attention on the target voice's location is often thought to aid
intelligibility. As the direction of a sound is determined by interaural
time difference (ITD) and interaural level difference (ILD), we tested
the importance of sound localisation for speech intelligibility in noise
by introducing inconsistencies between different frequency regions in
each of these binaural cues. Target sentences were presented as a pair of
high- and low-pass bands separated by a 1-ERB notch with each band
having its own ITD or ILD. Speech reception thresholds (SRTs) of
normally hearing participants were measured for target sentences
against a background of either brown noise or a speech interferer. SRTs
for consistent and inconsistent target ITDs were significantly lower than
those measured for a baseline condition (target and interferer share a
common ITD), but indistinguishable from each other. SRTs for
consistent and inconsistent ILDs were significantly different. Here,
listeners appeared to be able to attend to the 'best' ear, but unable to
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exploit ILDs that favoured different ears at different frequencies. The
results of these experiments indicate that for the intelligibility of speech
in the presence of an interferer ITDs only have to differ between target
and interferer within each frequency band, while ILDs are processed
monaurally. Speech intelligibility in noise appears not to be dependent
on sound localisation.

@l Differential Effects of Fluoxetine on Auditory and
Frontal Cortex Networks Growing on Multielectrode Arrays

*Kamakshi V. Gopal’, Yun Xia®, Guenter W Gross® 'Speech and
Hearing Sciences, University of North Texas, Denton, TX,
2Biological Sciences, University of North Texas, Denton, TX,
3Biological Sciences, and Center for Network Neuroscience,
University of North Texas, Denton, TX

Serotonin is a neurotransmitter involved in stimulus reactivity and
sensory reception. Low levels of serotonin is linked to abnormal
conditions such as depression, hyperacusis, migraine headaches and
decreased auditory processing. Fluoxetine (prozac), a selective
serotonin reuptake inhibitor (SSRI) is widely prescribed to facilitate
serotonergic transmission and reduce symptoms of depression. In this
research, spontaneously active neuronal networks growing in culture on
multielectrode arrays were acutely exposed to various concentrations of
fluoxetine. The networks showed repeatable, quantifiable and tissue-
specific electrophysiologic responses to fluoxetine. Auditory cortex
networks showed excitatory responses to fluoxetine at concentrations of
1-10 uM, followed by inhibitory responses around 15 uM, and complete
cessation of activity at 20-25 uM. Fluoxetine had only inhibitory effects
on frontal cortex networks, and terminated all activity at concentrations
of 10-16 uM. The IC50 mean + S.E. for spike rates was 15.9 + 1.0 uM
for auditory networks, and 5.4 + 0.7 uM for frontal networks. The
effects of fluoxetine were, however, reversible with a complete medium
change.

@l Dopamine Blocks Acetylcholine-induced Reduction of
Glutamate Currents in the Auditory Cortex

#larco Atzori’, Patrick O Kanold® 'Department of Physiology,
BRNI, Rockville, Maryland, *Department of Neurobiology,
Harvard Medical School, Boston, Massachussets

Dopaminergic fibers project to all cortical areas including the primary
auditory cortex Al. The role of dopamine (DA) has been extensively
investigated in the prefrontal cortex, where DAergic activity has been
correlated with various human pathologies. Less attention has been
devoted to the role of DA in primary sensory cortices. Cortical layer 2/3
neurons receive abundant excitatory inputs from non thalamic sources,
that is selectively depressed in the presence of acetylcholine (ACh). We
tested the hypothesis that DA interferes with ACh in the modulation of
glutamate-mediated currents in Al by in vitro recordings. Excitatory
Post Synaptic Currents (EPSCs) were evoked by extracellular
stimulation of layer 4 and recorded in layer 2/3 in the presence of the
GABAA-R antagonist bicuculline (10uM). Evoked EPSCs, which were
blocked by the AMPA-R antagonist DNQX (10uM), were reduced to
48+4% of control after bath application of the muscarinic agonist
oxotremorine (10 uM). Bath application of DA did not change EPSC
amplitude nor kinetics, but prevented the ACh-induced EPSC amplitude
decrease (87+5% of control, n.s.). DA failed to block the effect of the
muscarinic agent oxotremorine in the presence of the D1-like antagonist
SCH23390 (10 uM) or of the D2-like antagonist spiperone (10 pM).
Bath-application of the D1-like agonist SKF38393 (50-200 uM) failed
to mimick DA effect, while application of the D2-like agonist
quinpirole (10 uM) only partially prevented the ACh-induced EPSC
amplitude decrease. On the contrary, joint application of SKF38393 and
quinpirole mimicked DA in preventing the ACh-induced reduction in
eEPSCs amplitude (86+6% of control), suggesting a cooperative effect
of DIR and D2R activation.

We speculate that this cellular mechanism can enhance cortical
response following reward-driven attention.
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Synaptic Processing in Auditory Cortex: Data from In
Vivo Intracellular Recordings and the Auditory
Thalamocortical Slice.

*leather J Rose, Simranjit Kaur, Raju Metherate Neurobiology and
Behavior, University of California, Irvine, Irvine, CA

Lemniscal auditory information is relayed from the ventral division of
the medial geniculate body (MGv) to layers 3-4 of primary auditory
cortex (ACx). However, it is not clear how this information is
processed intracortically to create auditory receptive fields (RFs).
Intracellular whole-cell recordings (WCRs) from ACx layers 2-4 were
performed in anesthetized rats to determine tone-evoked synaptic
responses. Subthreshold synaptic RFs spanned up to 5 octaves at 70 dB
SPL. This RF is broader than previously-shown RFs based on spike
counts in both ACx and MGyv, implying convergence at the level of
ACx. To investigate the synaptic circuitry underlying broad RFs in vivo
we turned to the auditory thalamocortical brain slice. Electrical MGv
stimulation in 14 — 17 day old mice resulted in a focused, short latency
field potential (FP) in layer 4 and longer latency FPs at more distant
cortical sites (also recording within layer 4 but across presumed
isofrequency bands). Laminar recordings revealed a current sink in
layer 4 at the site of the shortest latency FP, and current sinks outside of
layer 4 at the more distant cortical sites. These data predict that the
characteristic frequency (CF) for a given cortical location will result in
a short latency layer 4 current sink, whereas spectrally distant non-CF
stimuli will result in longer latency sinks in supragranular or
infragranular layers. Preliminary data in vivo have shown that CF
elicited the shortest onset EPSP, while non-CF tones resulted in
progressively increased onset latencies with spectral distance from CF.
We hypothesize that CF information from MGy is relayed through layer
4 to other regions of primary ACx, contributing to the synaptic
convergence underlying broad (subthreshold) spectral RFs.

Supported by NIDCD.

@ Intracortical Inhibitory Synapses Are Altered
Following Sensorineural Hearing Loss

*Vibhakar C. Kotak, Omkar Karthikeyan, Dennis H Wang, F A Lee,
Dan H. Sanes Center for Neural Science, NYU, New York, NY

Inhibitory synapses in the auditory brain stem display activity-
dependent plasticity during development. Early deafening prevents the
anatomical restriction of inhibitory terminals within the LSO or MSO,
and weakens synaptic strength, including depolarization of Epsp within
the IC (Sanes and Takacs, 1993; Kotak and Sanes, 1996; Vale and
Sanes, 2000; Kapfer et al., 2002). To explore whether auditory cortex
exhibits such plasticity, whole cell recordings were obtained from
neurons in layers 2-4 of Al in 500 uM horizontal brain slices at 31°C.
Bilateral cochlear ablation (BCA) was performed at postnatal day (P) 9
and synaptic properties were examined following hearing onset (P14-
P17). The location of Al was verified anatomically with Dil labeling of
medial geniculate nucleus (MG) afferents in fixed slices, and with
biocytin labeling of recorded neurons. The AI region was also
characterized by MG-evoked field potentials (Cruikshank and
Metherate, 2001). Evoked potentials varied from 100 to 600 puV, had a
latency of 14 to 20 ms, and decayed within 15 to 90 ms (N=3 each for
control & BCA). Whole cell recordings from Al neurons displayed
MG-evoked EPSPs in both control and BCA neurons. Intracortical
stimulation 1-2 mm rostral to Al evoked IPSPs in the presence of
ionotropic GIuR antagonists. The mean amplitude of cortex-evoked
IPSPs was significantly smaller in neurons from BCA animals as
compared to age-matched control neurons (Control: 6.4 = 0.9 mV;
BCA: 3.3 £ 0.8 mV; p=0.02, df=16). The mean duration of IPSPs was
also smaller in BCA neurons (Control: 719 £ 213 ms; BCA: 212 + 70
ms; p=0.04, df=16). These findings are consistent with a disuse-
dependent decline in inhibitory synaptic strength described previously
in the auditory brain stem, and suggest that cochlear activity is essential
for the maturation of inhibitory synapses in Al

Supported by DC00540
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Role of Inhibition in Temporal Processing in the
Primary Auditory Cortex of the Unanaesthetized Mongolian
Gerbil

#Simone Kurt', Holger Schulze', John M. Crook® Henning Scheich'
! Auditory Plasticity and Speech, Leibniz Institute for
Neurobiology, Magdeburg, Germany, “Visual Development and
Plasticity, Leibniz Institute for Neurobiology, Magdeburg,
Germany

The temporal structure of the envelope of speech sounds plays an
important role in speech segmentation. Neurons in the primary auditory
cortex (AI) have been shown to code for such slow amplitude
modulations by phase-locking their responses to the envelope of the
sound, thereby representing the temporal structure of the sound by the
temporal structure of their neuronal discharges. Here we investigate the
role of intracortical inhibition in such temporal stimulus processing.
Single and multi-unit responses to pure tones and sinusoidally
amplitude modulated (AM) tones were recorded from the left Al of
unanaesthetized Mongolian Gerbils before, during and after
microiontophoretic application of the GABA,-receptor antagonist
bicuculline (BIC). We used 3-barrel glass pipettes (total tip diameter
10-18 pm), with one barrel containg BIC, and the other two NaCl for
recording of neuronal activity and for current compensation. Prior to the
application of BIC, most units showed phase-locking to the AM
envelope at periodicities below 30 Hz, although in some units we
observed phase-locking up to 60 Hz. When GABA,-mediated
inhibition was blocked by iontophoresis of BIC (20-40 nA; 5-10 min),
we observed an increase in spontaneous activity and in the duration of
onset responses to pure tones, increased discharge rates to both pure and
AM tones, and a broadening of the frequency response range for pure
tones. Moreover, any phase-locked discharges that were seen in the AM
tone responses before the application of BIC were eliminated during
BIC application. All these effects were reversible and they recovered
within approximately 20 to 30 min of the termination of BIC
application. We conclude from these results that GABA,-mediated
inhibition plays a crucial role in the temporal processing of sounds in
AL

Supported by Deutsche Forschungsgemeinschaft, SPP “Zeitgebundene
Informationsverarbeitung im zentralen auditorischen System”. (SCHU
1272/1-3)

Tinnitus-Related Neuronal Plasticity in Auditory
Cortex and Central Amygdala of Gerbils (Meriones
unguiculatus) Evidenced by Arc Expression

#Claudia Mahlke, Elisabeth Wallhausser-Franke Zoology, Darmstadt
University of Technology, Darmstadt, Germany

Subjective tinnitus is a phantom auditory percept, which can be induced
by high doses of salicylate. Systemic salicylate application reduces
activity in auditory brainstem, but increases it in auditory cortex (AC)
and amygdala (Am) (Wallhdusser-Franke, Langner, Proc.6th Int.
Tinnitusseminar 1999). Here we investigated if neuronal plasticity is
involved in tinnitus formation examining the expression of Arc (activity
regulated cytoskeleton associated protein) in the gerbil. Arc is induced
via an NMDA-receptor dependent mechanism and plays an important
role in memory related processes (Lyford et al, Neuron 1995). One
group of animals (n=6) received an i.p. injection of sodium salicylate
(350 mg/kg bw), whereas a second group was exposed to narrow band
white noise centered at 8 or 1 kHz with an intensity of 80 dB(n=6). Arc
protein was detected 5 and 3 hours after treatment. To allow comparison
with previous results c-fos immunohistochemistry was performed in
addition. Arc expression was restricted to the forebrain. In AC noise
exposure evoked Arc expression bilaterally mainly in areas representing
the frequency content of the stimulus. After salicylate injections labeled
neurons were organized chiefly in clusters along isofrequency contours
uni- or bilaterally in AC. In Am labeled neurons were found with both
treatments, however, only with salicylate Arc-positive neurons were
present in its central nucleus (CeA). C-fos immunohistochemistry
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revealed an activation of the auditory brainstem and midbrain after
noise exposure but not after salicylate. These results support previous
findings of a strong correlation between activity in CeA and AC after
treatments that elicit tinnitus in gerbils. Moreover our results indicate
that synaptic plasticity may occur after experimentally induced tinnitus
in AC and CeA.

Supported by the State of Hessen and a prize of the Messer Foundation

Interpretation of an Intracortical Electrical Stimulus
Depends on Preceding Brain States in the Ongoing Activity

#Matthias Deliano’, Frank W. Ohl>, Henning Scheich® 'ALS,
Leibniz Institute for Neurobiology, Magdeburg, Germany,
Auditory Plasticity And Speech, Leibniz Institute for
Neurobiology, Magdeburg, Germany

We have evidence, that the lack of success in the development of
sensory cortex prostheses is based on a naive transfer of unidirectional
stimulation procedures operative in peripheral neuroprosthesis
(Brindley & Lewin 1968; Schmidt et al. 1996). In our preliminary work
we applied intracortical microstimulation to the auditory cortex of the
Mongolian gerbil via a simple unidirectionally operating cortical
implant. In parallel we recorded an epidural multichannel
electrocorticogram. Animals were trained in a GO/(NO-GO)-paradigm
to discriminate stimulation sites in the low and high frequency region of
the tonotopic map of the primary auditory cortex (Deliano et al. 2002,
Scheich & Breindl 2002). We analyzed the timing relations between the
occurrence of discernible spatial patterns of activity distribution, so-
called marked states (Ohl et al., 2001), and the electrical stimulation in
a trial-by-trial fashion. Thereby we could demonstrate that the success
of the animal to correctly interpret the GO and NO GO stimuli
behaviourally was dependent on the cortical activity state that existed
just prior to the stimulation. In a unidirectional mode of operation of the
prosthesis such temporal relationships can only occur by chance. We
therefore aim at constructing a novel type of inferactive cortex
prosthesis which controls its operation interactively with the recorded
brain state to ensure optimized communication between prosthesis and
the nervous system.

Brindley, G.S. & Lewin, W.S. (1968) J. Physiol. 196: 479-493.
Deliano, M. et al. (2002) Assoc. Res. Otolaryngol. Abs.: 114.

Ohl, FW. et al. (2001) Nature 412: 733-736.

Scheich, H. and Breindl, A. (2002) Audiol. Neurootol. 7: 191-194.
Schmidt, E.M. et al. (1996) Brain 119: 507-522.

Cholinergic Modulation of Auditory Evoked
Potentials

#*Cherie K. Percaccio, Shilpa T. Mistry, Larry J. Cauller, Michael P.
Kilgard Cognition and Neuroscience, University of Texas at
Dallas, Richardson, Texas

Optimal sound processing depends on a delicate balance of inhibition
and excitation. We have previously demonstrated that housing
conditions have a significant impact on the auditory evoked potential.
Diffuse neuromodulatory systems, such as acetylcholine, likely play an
important role in modulating responses in the central auditory system.
To determine whether differences in cortical acetylcholine levels could
explain our earlier enrichment effects, we compare auditory evoked
responses from rats with lesions of the nucleus basalis and sham
controls in two environments.

Adult Sprague Dawley rats (230-270 g) were chronically implanted
with an epidural recording electrode over auditory cortex. The
immunotoxin 192 IgG-Saporin (or an inactive control) was injected into
the ventricles. After recovery, noise bursts and tones were delivered
125 times in random order with a 10s ISI and middle latency auditory
evoked responses were recorded twice a week for 9 weeks. The Pa
component (25 ms latency) of the auditory evoked potential is typically
small in uninjected and sham lesioned controls. After lesion of the
cholinergic nucleus basalis, the amplitude of the Pa component was
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substantially increased. These changes may be related to cholinergic
deficits in autism and other neurological disorders, characterized by
abnormal filtering of sensory stimuli. Damage to the cholinergic system
will be confirmed with post-mortem  acetylcholinesterase
histochemistry.

Dynamic Filtering in Rat Auditory Cortex

#Robert L. Rennaker', Hoang Ho? Pradeep Kilambi’, Michael P.
Kilgard® 'Aerospace and Mechanical Engineering, The
University of Oklahoma, Norman, OK, Cognition and
Neuroscience, University of Texas at Dallas, Dallas, Texas,
3Cognition and Neuroscience, University of Texas at Dallas,
Richardson, Texas

Understanding how experience modifies cortical response properties
lends insight into auditory information processing and learning. It has
been demonstrated that associative learning can result in stimulus
specific plasticity of frequency receptive fields in the auditory cortex.
Condon and Weinberger (1991) demonstrated that habituation also
induces a specific change in the frequency response of neurons.
Dynamic changes in receptive field organization may increase the
robustness of the cortical representation of auditory scenes. In addition,
adaptation may contribute to perceptual illusions and priming
phenomena. This study expands our understanding of habituation's
effect on cortical responses by systematically studying the effect of
habituation duration and the presentation rate. Cortical responses are
monitored using chronic multi-channel neural recording from up to 15
locations in rat primary auditory cortex simultaneously.  This
experimental paradigm allows us to study the effect of habituation on
multiple cells across the auditory cortex. Our results verify that
habituation can result in frequency specific modifications of the
receptive fields. Understanding the normal function of sensory
adaptation may shed light on a number of neurological disorders
characterized by reduced adaptation (including tinnitus, schizophrenia,
and autism).

Supported by the National Institutes for Deafness and Communicative
Disorders and the Cure Autism Now Foundation.

@ The Auditory Cortex in Macaque Monkeys: Context
Dependent Activity and Pattern of Corticothalamic
Projection

#Eric M. Rouiller’,C Durif', C Jouffrais® 'Physiology, University
of Fribourg, Fribourg, Switzerland, 2Faculty of Medicine -
CERCO, University of Toulouse, Toulouse, France

Neuronal activity was recorded in the auditory cortex of two monkeys
performing an acoustico-motor task, where pure tones are associated by
trial and error to a pointing movement to different targets using the
ipsilateral arm. We sought to establish whether different behavioral
contexts influence the response to a tone with invariant physical
properties. Some neurons exhibited an influence of the behavioral
context on their discharge rate. For instance, the response to a tone
instructing the monkey a given movement was different from the
response to the same tone delivered when the target was touched,
confirming that the behavioral response was correct. The anatomical
support for such behavioral context effects in the auditory cortex is
unknown, although reciprocal loops between the auditory thalamus and
cortex may be involved. To establish the properties of the
corticothalamic projection originating from the auditory cortex in the
monkey, the anterograde tracer BDA was injected in the primary
auditory cortex of one monkey. Anterogradely labeled terminal fields
were observed mainly in the ventral and dorsal divisions of the medial
geniculate body and, to a lesser extent, in the medial division of the
medial geniculate body, the posterior thalamic nucleus and the
suprageniculate nucleus. Most terminal boutons were of small size
except some of them in the posterior thalamic nucleus which were of
large size (giant endings). This observation extends to primates the dual
pattern of termination of the corticothalamic projection (small and giant
endings) previously reported for the auditory system of the cat and rat.
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Furthermore, the present data in monkeys extend to the auditory system
a mode of dual pattern of corticothalamic projection previously
described in primates for the visual, somatosensory and motor systems.

Supported by Swiss National Science Foundation (grant No.31-
61857.00) and National Center of Competence in Research (“Neural
plasticity and repair”).

@I Postnatal Maturation in the Auditory Cortex of the
Mustached Bat

Elisabeth Foeller', Marianne Vater?, Emanuel Mora®, Frank Coro’, lan
J. Russell*, *Manfred Koessl’® 1Neurobiology Section,
University of California, SanDiego, CA, 2Zoological Institute,
University of Potsdam, Potsdam, Germany, 3Dep. Human and
Animal Physiology, University of Havana, Havana, Cuba,
“School of Biological Sciences, University of Sussex, Brighton,
East Sussex Bnl 9QG United Kingdom, 5Zoological Institute,
University of Frankfurt, Frankfurt, Germany

The mustached bat uses CF-FM echolocation signals with the second
harmonic constant frequency component (CF2) at about 61 kHz. To
resolve Dopplershifts in returning echoes, the bat employs exceptional
fine frequency tuning. In the primary auditory cortex there are sharply
tuned neurons whose responses are enhanced by combinations of the
first harmonic CF-component of the emitted call and higher harmonic
CF-components of the echo (CF/CF region, Suga et al., 1978, Science
200:778-781).

Young mustached bats require a time span of 4-6 weeks to be able to
leave their maternity colonies and to hunt insects. During this time the
CF2 frequency of the echolocation calls and the frequency of a cochlear
resonator involved in sharp tuning shift from about 48 to 61 kHz. We
mapped the primary auditory cortex of young bats at two developmental
stages (younger stage: age of about 6-12 days; older stage: 20-26 days).
There were sharply tuned responses to the individuals' CF2-frequency
range in both groups (younger stage: 52-58 kHz, older stage: 58-63
kHz). In addition, in the older animals some neurons were already
CF/CF combination sensitive. None of the animals tested was yet
capable of active flight. This implies that some aspects of cortical
circuitry  specifically important for echolocation can develop
intrinsically without the animal being involved in active prey pursuit. It
remains to be tested to what degree learning during during the first
hunting flights will shape and modify cortical properties in the
mustached bat.

Supported by the Volkswagenstiftung, the DFG and the Royal Society

@l Post-Natal Development of Receptive Fields and
Tonotopic Maps in Auditory Cortex of Chinchilla.

#artin Pienkowski, Robert V. Harrison Dept. of Physiology,
University of Toronto, Toronto, ON, Canada

In early development of most sensory pathways, axonal growth cones
extend towards their targets in rough topographic order, under genetic
control. Subsequent to synaptogenesis, this initial projection appears to
be made more precise, as inappropriately-placed synapses, axon
collaterals, and even entire neurons are eliminated. Less clear is the
role of stimulus-driven activity in this process: normal activity patterns
have been shown essential for map refinement in several systems, but
apparently unnecessary in several others, in which refinement was
completed prior to the onset of sensation. We are comparing cortical
single-unit responses, and their tonotopic organization, in the normal-
hearing newborn and adult chinchilla, whose developmental timeline
parallels that of man in many respects.

Our primary objective is to quantify the degree of order in the adult and
newborn mapping. An important methodological issue and source of
potential ambiguity is the definition of "best frequency", usually a
nonconstant function of tone intensity and post-onset latency. A case in
point is the considerable fraction of neurons that is selective for more
than one distinct frequency range. It appears that the shortest-latency
component (its instantaneous rate of firing notwithstanding), which
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presumably corresponds to the most direct path to cortex, is the one that
best fits into the prevailing tonotopic arrangement. This leaves the
question of the longer-latency component(s): do they reflect functional
specializations, or initial errors in wiring that have not been corrected?
Early data supports both possibilities.

Development of Refractoriness in the Central
Auditory System

#Phillip M. Gilley', Anu Sharma® 'Advanced Hearing Research
Center, University of Texas at Dallas, Dallas, TX, *Callier Center
for Communication Disorders, University of Texas at Dallas,
Dallas, TX

We are examining aspects of development of the central auditory
pathways. One measure of functional development in the central
auditory system is the refractoriness of the cortical auditory evoked
potential (CAEP). Refractoriness, or recovery cycle may affect the
transmission and temporal neural encoding of complex acoustic signals
and speech. Therefore, it is of interest to examine the changes in
refractoriness of the CAEP as they relate to maturational changes in the
central nervous system. In this study we recorded CAEPs in children
ranging in age from 4 to 12 years in response to a speech sound “uh”.
The stimuli were presented in a sequence consisting of four
presentations of the vowel sound separated by decreasing interstimulus
intervals (ISIs) of 2000, 1000, 560, and 360 ms. Morphology, latency,
and amplitude of the CAEP were analyzed to examine the effects of age
and ISI on the CAEP. Information about the waveform morphology
was extracted by evaluating the instantaneous rate of change in the
evoked potentials.  Preliminary results showed distinct changes in
CAEP waveform morphology with increasing age. In older children, a
double-peaked positive component (P1) of the CAEP was observed at
all ISIs. In the youngest children, there was no evidence of a double-
peaked component at any of the ISIs. Additionally, the negativity
corresponding to the N1 was larger and more salient across ISIs with
increasing age.

Supported by NIDCD R0104552 and a Student Investigator Research
Award from the American Academy of Audiology

@ Neural Changes in Cat Auditory Cortex after a
Transient Pure-Tone Trauma

*Arnaud Jean Norena, Jos J. Eggermont, Masahiko Tomita
Psychology, University of Calgary, Calgary, Alberta, Canada

Here we present the changes in cortical activity occurring within a few
hours after a 1-h exposure to a loud (125 dB SPL) pure-tone (5 or 6
kHz). The changes were assessed by recording, with 8 or 16 micro-
electrode arrays, the same multi-unit clusters (MU) before and after the
trauma in 16 ketamine-anesthetized cats. The MUs were grouped into 3
frequency bands: those with a CF below the trauma tone frequency (TF)
were labeled as "Be", those with a CF less than 1 octave above the TF
were labeled "Abl", and those with a CF >1 oct. higher than the TF
were labeled "Ab2". The trauma induced a significant increase in CF
threshold in all groups (5, 10 and 20 dB on average for Be, Abl and
ADb2, respectively). After the trauma, the tuning curves of MUs in the
ADb2 group were shifted considerably toward lower frequencies.
Specifically, the CF and best frequency were significantly decreased in
the Ab2 group (0.64 and 0.74 oct. in average, respectively). The index
of monotonicity increased in Be, and so did the maximum driven firing
rate (FR) in Be and Ab2. At medium intensity in Be and Abl groups,
the onset response after the trauma lasted on average shorter than that
before the trauma. The spontaneous activity (SA) measured over the 15
minutes following the exposure was significantly increased when all the
data were combined. On the other hand, when the data were divided
into the 3 frequency bands, the increase in SA was not significant.
However, the cross-correlation coefficient (r) was significantly
increased in Abl-Ab2 and Ab2-Ab2 groups (by a factor of 1.3 and 1.5,
respectively). In contrast, a few hours after the trauma, SA was
significantly increased for Be and Ab2 groups (by a factor of 2.5) as
was 1 in Abl-Ab2, Ab2-Ab2 and Be-Ab2 groups. The results are
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discussed in terms of unmasking of cortical excitatory connections and
implications for plasticity of tonotopic maps.

Supported by AHFMR, NSERC, CHIR, CLLRnet, American Tinnitus
Association, Singer-Polignac fundation.

Maturation of field Al in congenitally deaf cats

#Andrej Kral, Rainer Hartmann, Jochen Tillein, Silvia Heid, Rainer
H. Klinke Physiologisches Institut II, Johann Wolfgang Goethe-
University, Frankfurt/Main, Germany

One consequence of auditory deprivation in adult congenitally deaf cats
(CDC) are significant deficits in functional organization of the auditory
cortex (Kral et al., Cereb Cortex 2000, 10:714). Developmental
plasticity in Al field of CDCs shows a sensitive period (Kral et al.,
Cereb Cortex 2002, 12: 797). Are the deficits found in adult CDCs the
consequence of an abnormal maturation or of a degenerative process
superimposed on more or less normal maturation? Seven CDCs and 7
hearing cats (ages 1-6 months) were investigated. Hearing controls were
pharmacologically deafened at the beginning of the experiment.
Stimulation with biphasic pulses (200 ps/phase) was applied through an
intracochlear electrode (monopolar configuration). Local field
potentials (LFPs) were recorded at 100-170 positions in the primary
auditory cortex. Activated cortical areas (cortical area with LFPs > 300
uV) were significantly larger at 8-12 weeks p.n. in CDCs, possibly
indicating a cortical disinhibition at this age in deprived animals. The
comparison of the shape of LFPs within activated areas showed no
differences in maturation of Pa waves between CDCs and hearing cats.
However, the maturation of Nb waves was delayed by 2 months in
CDCs. Additionally, differences in Pb waves were observed. Long-
latency P1 waves were found in CDCs below 3 months age with similar
shape and relative amplitude. In contrast to hearing cats, P1 amplitudes
substantially decreased with further age in CDCs. P1 latency in young
CDCs was smaller than in hearing cats.

The data demonstrate that cortical auditory maturation is substantially
altered and delayed. In addition, degenerative processes set in at around
4 months p.n. Comparison with chronically stimulated CDCs shows that
the maturation can be caught up and the degenerative processes can be
reversed in early implanted CDCs (Kral et al., Cereb Cortex 2002, 12:
797).

Supported by DFG (SFB 269).

Changes of 2-Deoxyglucose Acitivity in Auditory
Brain Cortex of Deafened Rat

Chong-Sun Kiml, *Seung Ha Oh', Soon Hyun Ahnl, Jun Ho Leel,
Hong Ju Park!, Dukhwan Lim!, Sun O Changl, Jae Min Jeongz,
Jae Sung Lee* 'Dept. Otolaryngology, Seoul National University,
College of Medicine, Seoul, Korea, Republic of, Nuclear
Medicine, Seoul National University, College of Medicine, Seoul,
Korea, Republic of

In the previous study with preoperative FDG-PET in prelingually
deafened pediatric cochlear implant candidates, decreased glucose
uptakes were observed in auditory cortex and associated area when
compared with normal PET. These hypometabolic areas were shrunk as
the age of FDG-PET study increases. But it was impossible to compare
with FDG-PET of age-matched normal children because of ethical
problem. This study was designed to understand the changes of glucose
uptake according to time in deaf animal model using age matched
control. SD rats of postnatal 10 days were operated to destroy the both
cochlea. Three deafened and three normal rats were sacrificed in 1
week, 2 weeks, 4 weeks, 7 months after operation respectively.
16ug/100g 2-deoxyglucose(DG) were injected 1 hour before sacrifice.
The brain was sectioned in 20 um thickness and exposed to BAS image
plate. In the two representative section of each sample, the relative 2-
DG uptake of auditory cortex, delineated using rat brain atlas, were
compared. There was no difference between normal and deaf group
(both P-value=0.7) in postoperatively 1 week. As the duration of deaf
increases, the 2-DG uptake was significantly higher in normal group
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than in deaf group.(at 2 weeks, p-value was 0.09 in right side, 0.42 in
left side, at 4 weeks, 0.002 in right side, 0.02 in left side) The difference
was most prominent in 4 weeks after operation. At 7 months after
operation, the difference in right side has become insignificant (p=0.07)
but in left side, the uptake in deaf rat was still significantly lower than
in normal. (p=0.024) In summary, the decreased uptake of 2-DG and
asymmetric development of hypometabolism could be observed in rat
deaf model with age-matched control and the hypometabolic change of
auditory cortex was most prominent in 4 weeks after the operation, and
at 7 months, the recovery of metabolism could be observed in right
auditory cortex.

Short Term Metabolic Changes in Avian Tangential
Nucleus After Vestibular End-Organ Damage

#Brent A Burroughs', Dianne Durham?, Methapan Arunakul’,
Terance T. Tsue' 'Department of Otolaryngology-Head and
Neck Surgery, Kansas City Veterans Affairs Medical Center,
Kansas City, Missouri, *Otolaryngology-Head and Neck Surgery,
University of Kansas Medical Center, Kansas City, KS

The avian vestibular system has the capacity for morphologic and
functional recovery after damage to the inner ear. The effects of
peripheral end-organ damage on the central nervous system are not fully
understood. Previous work investigating metabolic changes in the
Superior Vestibular Nucleus (SVN) using 2-deoxyglucose (2DG)
uptake and cytochrome oxidase (CO) staining showed very little change
in activity after damage to the peripheral end organs. Here we
examined whether short-term metabolic changes occur in the Tangential
Nucleus (TA) after permanent or reversible end-organ damage.
Transient damage was produced by unilateral topical application of a
streptomycin-soaked Gelfoam pledget in the inner ear. The
contralateral ear was treated with a water-soaked pledget. Inter-animal
controls were treated bilaterally with water-soaked pledgets.
Permanent damage to the inner ear was created via a unilateral
labyrinthectomy. The contralateral ear was not treated. Inter-animal
controls received only general anesthesia. Animals survived for 6
hours, 1 day or 4 days after treatment and then received an IP injection
of 2DG. After 45 minutes of vestibular stimulation, animals were
sacrificed and brains were frozen. Alternate coronal sections were
stained for CO or exposed to x-ray film. Optical density measurements
of CO staining or 2DG film labeling were taken bilaterally. The
ipsilateral/contralateral ratio of TA labeling was compared among
experimental groups.

Results suggest that the ipsilateral/ contralateral ratio for 2DG labeling
in TA decreases following labyrinthectomy compared to controls. The
CO activity of ipsilateral TA neurons increases slightly after
labyrinthectomy. Streptomycin-treated birds showed minimal changes
in either 2DG or CO labeling, similar to that seen previously in SVN.
These results suggest that TA may be more susceptible to damage by
changes in peripheral end organ input than other vestibular nuclei
previously examined.

Supported by DC01589 (DD) and a VA MREP grant (TT).

Differential Recovery of VOR Function Following
Unilateral Canal Plugging and Unilateral Labyrinthectomy

*Richard 4. Clendaniel, David M Lasker, Lloyd B Minor
Otolaryngology - HNS, Johns Hopkins University, Baltimore,
Maryland

Following unilateral plugging of all 3 semicircular canals or unilateral
labyrinthectomy there is a reduction in both the ipsilesional and
contralesional VOR to steps of acceleration (3000°/s> - 150°/s). With
time there is improvement in the contralesional gain measured during
the acceleration (acceleration gain) portion of the stimulus. There is a
similar improvement in both the ipsilesional and contralesional gains
measured during the constant velocity (velocity gain) portion of the
stimulus. This increase in the contralesional acceleration gain produces
an asymmetry in the response to ipsilesional and contralesional
rotations. We measured the change in this asymmetry over time
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(weekly intervals) in 2 squirrel monkeys that had undergone unilateral
plugging of all 3 semicircular canals and 2 squirrel monkeys that had
undergone unilateral labyrinthectomy. During the first week following
surgery there was a 46% asymmetry for the canal-plugged monkeys and
a 38% asymmetry for the labyrinthectomized monkeys. These
asymmetry values were constant for the first several weeks following
surgery. By the 6™ week, the asymmetry in the canal-plugged monkeys
had decreased to 24%, and by the 9™ week, the asymmetry had
decreased to 17%. In comparison, there was little change in the
asymmetry values over time for the labyrinthectomized monkeys. At
98 weeks post-labyrinthectomy, the asymmetry value was 30%.

This difference in recovery is felt to be due to preserved tonic function
in the ipsilesional vestibular nerve following canal plugging. The
improved response in the canal plugged animals appears to be due to
central compensatory process utilizing the contralesional vestibular
input, rather than preserved rotational sensitivity on the ipsilesional
side, since plugging of the semicircular canals on the previously intact
side abolishes the angular VOR.

Linear and Nonlinear Components of the 3-
Dimensional Vor Evoked by High-Frequency, High-
Acceleration Rotations in the Squirrel Monkey.

#merico Aniello Migliaccio, Patpong Jiradejvong, David M
Lasker, Richard A. Clendaniel, Lloyd B Minor Otolaryngology -
HNS, Johns Hopkins University, 720 Rutland Ave, Ross
Research, Room 710, Baltimore, Maryland 21205

We have identified linear and non-linear pathways mediating the
horizontal angular VOR evoked by high-frequency, high-acceleration
rotations (Minor et al. J. Neurophysiol. 82:1254, 1999). The linear
pathway has a relatively constant gain and phase across frequencies and
velocities. The non-linear pathway has a gain that rises with velocity at
higher frequencies and is more modifiable than is the linear pathway
following vestibular lesions. We sought to determine if these pathways
were also evident in the VOR evoked by rotations in the pitch and roll
plane as well as in the planes of the vertical canals (LARP and RALP).

In three squirrel monkeys we measured binocular 3-dimensional eye
position using the magnetic search coil technique. We analyzed the 3-
dimensional VOR evoked by acceleration steps (500-6000 deg/s/s to a
peak velocity of 50-300 deg/s) and by sinusoidal rotations (0.5-15 Hz,
20-100 deg/s) delivered about the earth-vertical axis while each animal
was positioned; upright (YAW), right-ear-down (PITCH), supine
(ROLL), supine-left-ear-down-45deg (LARP) and supine-right-ear-
down-45deg (RALP).

Linear and non-linear components were identified in the responses. The
data at 8 Hz provide an example of these responses. For sinuosoidal
rotations in the yaw, pitch, roll, LARP and RALP planes there is a 20-
30 % rise in VOR gain as peak velocity increases from 20 deg/s to 100
deg/s. The VOR phase remained compensatory (175-185 deg phase lag
relative to head velocity) across this range of stimuli with a tendency to
increase with velocity at higher frequencies. For the steps of
acceleration the gain during the acceleration portion of the step (GA)
was 25-50 % higher than the gain during the plateau portion of the
stimulus (GV). These findings indicate that the angular response evoked
by activation of the vertical semi-circular canals show similar linear and
non-linear components as previously shown in the horizontal VOR.

@ Tilt Perception and Horizontal Eye Movement
Responses during Tilt and Translation

#Daniel Merfeld', Sukyung Park', Claire Gianna-Poulin®, Tom
Bennett?, Lionel Zupanl, F. Owen Black?, Scott Wood® 'Jenks
Vestibular Physiology Laboratory, Massachusetts Eye and Ear
Infirmary/Harvard Medical School, Boston, MA, 2Audiology and
Vestibular Lab, Legacy Health System, Portland, OR, 3Naval
Acrospace Medical Research Lab, Navy, Pensacola, FL

We investigated how the nervous system processes ambiguous cues
from the otolith organs as a function of frequency by providing
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sinusoidal roll tilt and translational stimuli to 8 healthy subjects.
Stimulus frequency ranged from 0.005 Hz to 0.7 Hz. All stimuli yielded
peak inter-aural otolith stimulation of 0.34 G. Roll-tilt stimuli were
provided using an earth-horizontal axis rotational device with the
rotational axis near the center of the head. The peak roll tilt was 20 deg
and the inter-aural otolith stimulus was simply the sine component of
gravity. All translational stimuli, except 0.7 Hz, were provided using
centrifugation. The subject was rotated at 250 deg/s for 5 minutes
before initiating sinusoidal translations with peak displacement between
0.115 m and 0.175m. During these trials, the inter-aural otolith stimulus
consisted of the centrifugal force plus the actual linear acceleration. For
the 0.7Hz trial, the subject was simply translated from side-to-side (no
rotational motion). We measured eye movements and perceptual roll tilt
responses. During roll tilt trials, the perceived roll-tilt was nearly
constant at all frequencies. During translational trials, the perceived
roll-tilt showed characteristics consistent with a low-pass filter; tilt
response amplitude was roughly constant at low-frequencies and
substantially diminished at frequencies above around 0.05 Hz.
Qualitatively, these data are consistent with previously published
modeling predictions. One important conclusion derived from these
perceptual data is that the roll rotation cue, provided primarily by the
semicircular canals, has a large influence on perceived tilt. Horizontal
eye movements were very small at low frequencies for all stimuli and
began to grow substantially at frequencies above around 0.1 Hz. As
suggested previously, it appears that reflexive eye movement responses
include a component that is due to direct otolith stimulation and another
component that involves central processes of sensory integration.

Supported by NIDCD R01 DC03066 and NAG5-6329

@ Vestibular-induced Eye Movements While
Performing an Information Processing Task in Young and
Older Humans

#Joseph M Furman', Martijn M Muller?, Mark S Redfern’, J. Richard
Jermings* 'Otolaryngology, University of Pittsburgh, Pittsburgh,
PA, ?Psychology, University of Pittsburgh, Pittsburgh, PA,
*Bioengineering, University of Pittsburgh, Pittsburgh, PA,
*Psychiatry, University of Pittsburgh, Pittsburgh, PA

The purpose of this study was to investigate the influence of a
concurrent information processing task on eye movements induced by
earth-vertical axis rotation (EVAR) in young and older humans.
Twenty older subjects (10 F, 10 M, 69.3 +/- 3.2 years) and 20 young
subjects (10 F, 10 M, 23.5 +/- 2.9 years) performed three different tasks
during sinusoidal EVAR in darkness at 0.05 Hz, 60 deg/sec peak
velocity: a Simple Reaction Time, a Disjunctive Reaction Time, and a
Choice Reaction Time task. = Tones were presented to the subject
through headphones and they were instructed to react accurately and as
quickly as possible. Eye movements were recorded with electro-
oculography or video-oculography. We observed a small but consistent
increase in VOR phase lead while subjects performed a concurrent
information processing task. Also, the pattern of most subjects' eye
movements during EVAR were unaffected by a concurrent task.
However, some subjects exhibited nystagmus dysrhythmia and in some
subjects nystagmus actually ceased. Results were neither different
between young and older subjects nor influenced by which information
processing task was performed. These results suggest that attentional
processes, which are primarily dependent upon the cerebrum, influence
the velocity storage mechanism of the VOR, which is dependent
primarily on the brain stem and cerebellum.

Supported by NIH grants AG10009, AG014116, and EY08098.
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Vestibular Nucleus Projections to the Ventrolateral
and Lateral Columns of the Periaqueductal Gray (VIPAG
and IPAG): Potential Links Between Balance, Nociception
and ‘Coping Responses’

*Carey Balaban Otolaryngology, University of Pittsburgh, Pittsburgh,
PA

Recent studies have indicated that the vIPAG and IPAG are important
for coordinating emotional responses to physical stressors. These
regions receive somatic, visceral and rostral prelimbic cortex inputs
related to stressors. This study provides the first documentation of
projections from the vestibular nuclei to PAG. Adult male albino
rabbits and received iontophoretic injections of biotinylated dextran
amine or Phaseolus vulgaris leucoagglutinin into the vestibular nuclei.
Immunocytochemical methods were used to visualize PHAL; ABC-
peroxidase (Vector Laboratories) was used to identify BDA.
Anterogradely labeled axons could be traced to varicose terminations in
the caudal half of PAG in seven rabbits with injections centered in the
superior vestibular nucleus (SVN). The fibers were predominantly
ipsilateral and predominantly within the VvIPAG, with fewer fibers
within the IPAG. These projections were not observed in rabbits with
tracer injections centered in the medial, lateral or inferior vestibular
nuclei. As reviewed by Bandler et al. (Prog. Brain Res. 122 (2000)
331-349), vIPAG and IPAG are a component of ‘emotional motor’
pathways that mediate passive emotional coping in response to deep or
chronic pain or traumatic injury. These responses include
hyporeactivity, quiescence and central antinociception, which resemble
prodromal components of motion sickness such as the ‘sopite
syndrome’. Thus, SVN-PAG projections may contribute to emotional
responses to motion transduced by vertical semicircular canals and
otolith organs.

Vestibulo-ocular Zones Controlling the Activity of
Lateral and Medial Recti in the Rat Using Recombinant
Strains of Pseudorabies Virus

*[sabelle Billig, Carey D Balaban Otolaryngology, University of
Pittsburgh, Pittsburgh, PA

Prior studies of angular vestibulo-ocular reflexes provided evidence that
the cerebellar flocculus was organized in longitudinal zones, which
were suggested to modulate vestibulo-ocular reflex eye movements
arising from individual semicircular canals and affecting individual
extraocular muscles. In particular, Purkinje cells of the central zone of
the floccular region were hypothesized to modulate the activity of
lateral and medial recti in the plane of horizontal semicircular canals.
However, the organizatio