specific properties for subcortical spontaneous neural activity
cannot be identified.

The current research design should be continued on a larger
scale for statistically significant findings.
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Longitudinal MRI Analysis of Volumetric
Differences in Brainstem Neurons Following

Noise Induced Temporary Threshold Shift
Antonela Muca?; Jaymin Patel?; Susumu Mori?; Tilak
Ratnanather?; Avril Holt*

Wayne State University School of Medicine; 2Johns
Hopkins University School of Medicine; 2Johns Hopkins
University

Background

Even exposure to loud noise resulting in temporary deafness
often leads to conditions such as tinnitus. Noise over-
exposure has been a major risk factor for chronic tinnitus for
those in occupations associated with noisy environments.
Currently there is no effective treatment for tinnitus. This
emphasizes the need to determine metrics that will allow for
longitudinal studies of tinnitus progression. Noise induced
tinnitus has been associated with changes in neuronal
activity. Magnetic resonance imaging (MRI) has been used to
track longitudinal changes in tinnitus related neuronal activity
using manganese enhanced MRI (MEMRI). In addition to
activity, neuronal volume has also been suggested to change
in people with chronic tinnitus. Temporal and spatial changes
in brain volume were examined longitudinally in several brain
regions, including the inferior colliculus (IC), following a single
noise exposure.

Methods

Hearing thresholds were determined (ABRs) in two groups
(noise and no noise) of male Sprague Dawley rats. Noise
animals were exposed to a 16 kHz, 106 dB SPL tone for 1
hour. For each group, T,-weighted MRI images were obtained
(7T Clinscan) before (baseline) and after noise exposure (1,
28, and 84 day(s)). Deficits in Gap detection were used as a
measure of tinnitus. Morphology for regions of interest (ROls)
was identified on a single subject brain atlas using MRIStudio
software. The atlas was registered to the subjects using
Automated Image Registration (AIR) and Large Deformation
Diffeomorphic Metric Mapping (LDDMM) in order to map the
ROIs onto each subject. ROI volumes from the two groups
were compared at each time point.

Results

Differences in the volume of the IC occurred as early as 1 day
after noise exposure, with significant decreases in the central
nucleus of the IC (CIC) of noise exposed animals compared
to control. Although hearing thresholds had returned to
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normal, significant volumetric decreases were seen 84 days
after noise exposure in the CIC of noise exposed animals.
With the exception of the first week, Gap detection deficits
were present at all time points (20 kHz, 60dB).

Conclusions

An outcome of our study is the production of a rat volumetric
atlas with brain region coordinates that can be used as a
template by others. Volumetric information may provide
another crucial metric for understanding the effects of noise
over-exposure on the progression of tinnitus.

Funding

Grant 1101RX001095-01 U.S. Dept. of Veterans Affairs Grant
T42 OH008455 from the National Institute for Occupational
Safety and Health, Centers for Disease Control and Preven-
tion
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Transdermal Stimulus-Timing Dependent
Plasticity in Dorsal Cochlear Nucleus Reduces

Tinnitus in Guinea Pigs
David Martel; Calvin Wu; Susan Shore
University of Michigan, Ann Arbor

Introduction

Nearly two-thirds of tinnitus patients can modulate their tinnitus
with somatic maneuvers of the face and/or neck (Levine et al,
2007), which is likely mediated by somatosensory connections
to the cochlear nucleus (CN). The dorsal cochlear nucleus
(DCN) integrates auditory inputs with somatosensory inputs
from trigeminal and dorsal column systems. Fusiform cells,
the principle output neurons of the DCN, exhibit stimulus-
timing dependent plasticity (STDP) in response to bimodal
auditory-somatosensory stimulation: Hebbian-like plasticity
occurs when neurons increase their activity responding to
somatosensory-preceding auditory stimulation, but anti-
Hebbian rules occur when auditory- precedes somatosensory
stimulation (Koehler and Shore, 2013a). In tinnitus animals,
Hebbian-like rules invert to anti-Hebbian-like rules with
broadened temporal windows (Koehler and Shore, 2013b).
Our recent work demonstrated that fusiform cell STDP can
be induced non-invasively using transdermal stimulation
(Wu et al., 2015). To test whether STDP can be harnessed
to treat tinnitus, we applied paired auditory-somatosensory
stimulation, via transdermal neck stimulation, to noise-
damaged guinea pigs with behavioral and neural evidence
of tinnitus. Preliminary data shows decrements in both
behavioral and neural correlates of tinnitus after one month
of 30 min bimodal stimulation.

Methods

Guinea pigs were noise-exposed with a 7 kHz-centered, half-
octave band at 97 dB SPL for 2 hours to induce a temporary
threshold shift. Gap-Prepulse Inhibition of Acoustic Startle
(GPIAS) was used to assess tinnitus. Somatosensory
stimulation was provided via transdermal stimulating
electrodes placed near the C2 cervical vertebrae. Short
electrical stimuli were presented within 20 ms of 40 dB SL
sounds matching the tinnitus spectra. Tinnitus animals were
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treated for four weeks concurrently with biweekly tinnitus
assessments. Following cessation of treatment, single unit
recordings from DCN were obtained with recording electrodes
placed stereotaxically into the DCN fusiform cell layer after
ketamine/xylazine anesthesia. Unit responses to tones and
noise were assessed for units with best frequencies ranging
from 4 kHz to 32 kHz.

Results

Animals with tinnitus showed elevated spontaneous activity
and neural synchrony at the measured tinnitus frequencies.
In contrast, exposed animals without tinnitus animals did not
show elevated spontaneous rates or synchrony compared
to unexposed animals. Animals receiving bimodal STDP
induction showed decreases in spontaneous rates and neural
synchrony, which correlated with a reduction in behavioral
evidence of tinnitus.

Conclusions

Our results demonstrate that non-invasive, long-term
alteration of DCN neural activity through bimodal STDP
can be used to alleviate behavioral and neural correlates of
tinnitus. This treatment strategy may provide relief in human
tinnitus sufferers.

Funding
R01-DC004825 (SES) P30-DC05188 T32-DC00011 (CW)
Wallace H. Coulter Translational Research Partnership
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Analysis of Auditory and Non-Auditory Input
in the Dorsal Cochlear Nucleus in a Rat Model

of Tinnitus & Noise-Induced Hearing Loss
Christopher Neal; Andrea Freemyer; Jennifer Nelson-
Brantley; Hinrich Staecker; Dianne Durham

University of Kansas Medical Center

Background

Hair cell damage resulting from acoustic trauma not only
alters hearing thresholds but may also initiate a cascade
of maladaptive plastic changes in central auditory nuclei.
Increasing evidence has implicated such plastic changes in
the dorsal cochlear nucleus (DCN) in the induction of chronic
tinnitus. The DCN consists of 3 layers (molecular, fusiform,
and deep), which create a circuit. Fusiform cells in the DCN
are the main output cells of the DCN circuit, and they are also
the first site of multi-sensory integration in the auditory system.
Input to fusiform cells can be identified as auditory or non-
auditory by the distribution of vesicular glutamate transporters
(VGlut). Fusiform cell basal dendritic fields receive auditory
input via the auditory nerve (molecular and fusiform layers)
and their apical dendritic field receives non-auditory input via
parallel fiber projections (molecular and fusiform layers) from
granule cells. We sought to quantify changes in auditory and
non-auditory input to the DCN following acoustic trauma.

Methods

Adult male, Long-Evans rats were unilaterally exposed to a
118 dB, 16 kHz pure-tone for 4 hours (n=8) while anesthetized
using isoflurane, and allowed to recover for 2 weeks. Pre-
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