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The Hearing Research Group

n e o m e d . e d u

Hearing disorders of many types begin in the inner ear, but they have long-term effects in the brain. 
The Hearing Research Group at NEOMED is interested in how the central nervous system functions 
in association with hearing and vocal communication, how it is affected by hearing disorders, and how 
interventions of the peripheral and central nervous systems may ameliorate hearing disorders.

T H E  H E A R I N G  R E S E A R C H  G RO U P

Jeffrey Wenstrup. Ph.D. (Director)
Dr. Wenstrup’s team studies how emotional centers in the brain interact with the auditory system to establish the meaning 
of speech and other vocal communication sounds. The interpretation of social vocalizations depends on information about 
acoustic structure, other sensory stimuli, and internal state. The laboratory examines the mechanisms acting within the 
basolateral amygdala that integrate across these information sources. Dr. Wenstrup’s team seeks to relate these mechanisms 
to disorders that result in an altered emotional response to speech, such as schizophrenia, autism, and some forms of post-
traumatic stress disorder.

Jianxin Bao, Ph.D.
Dr. Bao’s group focuses on developing new drug and gene therapies for hearing disorders such as hearing loss and tinnitus. 
The prevalence of age-related hearing loss is 63 percent for those 70 years of age and above. Approximately 15 percent 
of Americans between the ages of 20 and 69—or 26 million Americans—have noise-induced hearing loss. Tinnitus is highly 
associated with hearing loss. There are no medications against these disorders. The group conducts studies to prevent 
hearing loss and tinnitus through development of new technology platforms. In addition, the group is developing advanced 
hearing and molecular tests to better identify subtle cellular and synaptic changes in the cochlea that will provide a better 
time window for medical intervention.

Alexander Galazyuk, Ph.D.
Dr. Galazyuk’s laboratory studies tinnitus—the perception of sound in the ears or head when no external source is present. 
The American Tinnitus Association estimates that 50 million Americans experience tinnitus to some degree, with 16 million 
patients requiring tinnitus treatment. Tinnitus is the most prevalent disability among active military personnel and veterans. 
Dr. Galazyuk’s group is working to identify underlying brain mechanisms responsible for the development of tinnitus, as well 
as potential therapies for tinnitus.



Hearing Research Focus Group
• 10 labs with 12 faculty studying the auditory 

system, from the ear to the brain

• Research topics include: 
• Hearing loss (age-related, noise-induced, 

developmental)
• Auditory processing disorder
• Tinnitus
• Emotional disorders
• Much more!

• Wide variety of biomedical research techniques



Hearing Research Focus Group

Rich training environment:
• Access to all faculty in the 

group – collaboration is the 
norm

• History of successful 
training. Over the past ~7 
years:

• 24 medical students
• 11 graduate students
• 7 postdoctoral trainees



Hearing Research Focus Group

Rich training environment:
• Weekly journal clubs
• Seminars, with a chance to 

meet experts in the field
• Regular attendance at 

national and international 
conferences



Hearing Research Focus Group

• Our labs receive funding 
through the National 
Institutes of Health (NIH)

• Across 10 labs:
6 R01s, 1 R41, 1 R21, 1 R15

• History of pre-doctoral NIH 
fellowships for PhD students

• 4 since 2012



Hearing Research Focus Group
Access to state-of-the-art techniques & resources

• Imaging and microscopy: 
optogenetics, transmission electron 
microscopy, multiphoton imaging

• Behavioral assessments: 
operant conditioning, acoustic startle 
responses, vocal communication

• Neurophysiological recording: 
brain slice recording, in vivo 
recording in behaving animals, 
voltage-sensitive measurement



NEOMED
Founded in 1973

3 Colleges: Medicine, Pharmacy, 
Graduate Studies

“NEOMED harnesses diversity, 
innovation and collaboration to 
create transformative leaders and 
improve health through education, 
discovery and service.”



NEOMED
• Located in Rootstown, OH

• Rural area; on-campus living, 
dining, and fitness center are 
available

• Graduate students, pharmacy 
students, medical students, 
postdoctoral fellows



Just down the road from Kent, OH
• Home to Kent State University
• Shopping, dining, music, events, outdoor 

recreation



Also near…
• Akron, OH (~20 minutes)

• Cuyahoga Valley 
National Park (~30 
minutes)

• Cleveland, OH (~50 
minutes)



Brain Health Research Institute

The HRG is part of a consortium 
of neuroscience research based 
at Kent State University

• Seminars on a broad range of 
topics in neuroscience

• Connections with scientists with 
expertise beyond the auditory 
system

• Career training opportunities

https://www.kent.edu/brainhealth



Our researchers:

• Dr. Merri Rosen
• Dr. Jianxin Bao
• Dr. Alex Galazyuk
• Dr. Julia Huyck
• Dr. Yong Lu
• Dr. Jeffrey Mellott

• Dr. Bruna Mussoi
• Dr. Brett Schofield
• Dr. Jeffrey Wenstrup
• Dr. Bradley Winters
• Dr. Sharad Shanbhag
• Dr. Nichole Beebe

https://www.neomed.edu/directory-profile/rosen-merri-45904/
https://www.neomed.edu/directory-profile/bao-jianxin-62875/
https://www.neomed.edu/directory-profile/galazyuk-alexander-117983/
https://www.kent.edu/node/dr-julia-huyck
https://www.neomed.edu/directory-profile/lu-yong-138787/
https://www.neomed.edu/directory-profile/mellott-jeffrey-46911/
https://www.kent.edu/ehhs/hs/spa/dr-bruna-mussoi
https://www.neomed.edu/directory-profile/schofield-brett-137039/
https://www.neomed.edu/directory-profile/wenstrup-jeff-614/
https://www.neomed.edu/directory-profile/winters-bradley-76050/
https://www.neomed.edu/directory-profile/shanbhag-sharad-47756/
https://www.neomed.edu/directory-profile/beebe-nichole-59235/


Dr. Merri Rosen’s Laboratory:
Development of neural underpinnings of 
auditory perception

• Kids with hearing loss are at risk for later problems with speech perception.

• Early life stress increases the risk of long-term language deficits.

• RESEARCH GOAL: to understand the specific perceptual deficits, and the 
neural changes that cause these problems.

• This will allow us to design optimal remediation strategies.

Early-life stress

Developmental 
manipulations:

Hearing loss

mrosen@
neomed.edu



Measuring perception and neural activity
Auditory perception:
Operant conditioning

Control trial     

Gap trial      

inhibition of the startle response when a gap of silence, in an
otherwise continuous narrowband background noise, cen-
tered at different frequencies, precedes the startle stimulus
(Hoffman and Searle, 1965; Koch and Schnitzler, 1997; Willott
et al., 1994; Yang et al., 2007). Tinnitus is assessed by compar-
ing an animal's startle response to a single broadband noise
burst (STARTLE) presented in otherwise continuous narrow-
band background noise with the startle response when
STARTLE was preceded by a gap of silence (GAP+STARTLE)
(Fig. 5). Ratios are calculated by dividing the GAP+STARTLE re-
sponses by STARTLE responses. A ratio of 1 means that the
animal does not detect a gap, whereas ratio values lower
than 1 indicates better detection. The typical ratios for control
(unexposed) animals range between 0.7 and 0.5 which repre-
sents a gap induced suppression of the startle between 30
and 50%, respectively. The sound exposed mice at a given
frequency typically exhibit gap detection deficits at or near
the frequencies of exposure because their tinnitus fills the gap
of silence. This method is the most sensitive when both the
background frequency and intensity match the animal's
tinnitus because the salience of the gap would be diminished
maximally under these conditions (Bauer et al., 1999). Unfortu-
nately, we do not know the tinnitus intensity for a given
animal. Therefore, only the center frequency of thenarrowband
noise is varied, whereas sound intensities are kept constant at
the level in a range of 60 to 75 dBSPL assuming that the animal's
tinnitus approximates this intensity (Turner et al., 2006).
The startle stimulus intensity is typically set at 100 to 120 dB
SPL in most ASR paradigms (Heffner and Heffner, 2001).

We also found that these ranges of background and startle
intensities are appropriate for assessing gap detection deficits
in mice following sound exposure (Longenecker and Galazyuk,
2011).

2.2.2. Masking effects of background on startle
When developing a stimulus session for prepulse inhibition or
gap detection tests, it is important to be aware of the masking
effects of the background on the startle stimulus (Carlson and
Willott, 2001). If not addressed appropriately, this suppression
may lead to inappropriate conclusions concerning tinnitus
identification. It has been shown that a continuous back-
ground suppresses an animal's response to startle stimuli.
This suppression largely depends on both the background fre-
quency and intensity (Gerrard and Ison, 1990). As demonstrat-
ed in Fig. 6A an individual mouse has shown a “U” shape
pattern of frequency dependent suppression of a startle re-
sponse. We found this suppression in all tested mice without
exception. The suppression also increases with increasing
background intensity (Fig. 6B). We found that the shape of
this curve approximates the audiogram of the CBA/CaJ
mouse (Radziwon et al., 2009) and several other rodents
(Heffner et al., 2001). Such similarity strongly suggests that
at the frequencies where mice have the minimal response
threshold (12.5–16 kHz) the startle suppression was maximal.
To the best of our knowledge, the similarity between these
two curves has not been reported before. We hypothesize
that this is a universal phenomenon in the animal kingdom.
This hypothesis needs further validation.

A

B

20 ms

Fig. 4 – A startle testing station with sound-friendly mouse
restrainer and with echo suppressive foam installed on
inside walls. A) A view of the testing station. B) A waveform
of narrow band noise with 20 ms gap of silence recorded
inside the restrainer. Note near ideal shape of the gap with
sharp onset.
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Startle
stimulus

Narrow band noise

100 ms

STARTLE trial

GAP+STARTLE trial

Gap of
silence

Fig. 5 – Two types of stimuli for assessing gap detection
performance in mice.Gap detection stimulus paradigm
consists of A) STARTLE trial — a startle stimulus of wide
band noise (20 ms duration, 110 dB SPL) embedded in a
continuous background narrow band noise centered at 10,
12.5, 16, 20, 25, and 31.5 kHz and presented at 75 dB SPL;
B) GAP+STARTLE trial — similar to the STARTLE trial with
the addition of a 20 ms gap of silence embedded 100 ms
before the startle stimulus.
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Please cite this article as: Longenecker, R.J., Galazyuk, A.V., Methodological optimization of tinnitus assessment using pre-
pulse inhibition of the acoustic startle reflex, Brain Res. (2012), doi:10.1016/j.brainres.2012.02.067
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Auditory perception:
Attenuation of acoustic startle
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Neural recordings:
Awake or anesthetized, 

behaving or passive

mrosen@
neomed.edu



Dr. Alex Galazyuk’s Laboratory:
Tinnitus, Age-Related Hearing

Brain mechanisms and 
treatment

Tinnitus Aging in bats?

Bats live very long lives with 
minimal signs of aging!!!

agalaz@neomed.edu



Signal propagation 
and processing in 
dendrites bwinters@neomed.edu

Dr. Bradley Winters’ Laboratory:
Cellular properties underlying sound 
localization circuits



Dr. Bradley Winters’ Laboratory:
Cellular properties underlying sound 
localization circuits

bwinters@neomed.edu



Dr. Brett Schofield’s Laboratory:
Identifying brain circuits for the sense of hearing

Ascending pathways

Descending pathways

Auditory 
cortex

Ascending pathways carry 
information to the “top” –
auditory cortex – for 
perception.

Our focus: how do 
descending pathways allow 
auditory cortex to control 
what we hear?

guinea pig

bschofie@neomed.edu



Red nerve fiber from 
auditory cortex…

arousal 
nucleus

Auditory
Cortex

Midbrain
auditory center

sites of 
synapses

…contacts a cell (*) in the 
arousal nucleus. The blue 
means the cell projects to 
the midbrain.

The same cell “speaks” 
with the neurotransmitter 
acetylcholine 

* *

Schofield lab

bschofie@neomed.edu



Dr. Bruna Mussoi’s Laboratory:
Hearing and Aging Lab

Premise: Older adults have more difficulty understanding 
speech in background noise, even without hearing loss.

bmussoi@kent.edu

Goals:

• To understand factors that contribute to difficulty with speech understanding in noise 
• To explore factors that may counteract age-related difficulty with speech in noise

Methods:

• Behavioral and auditory electrophysiology testing

• Participants: human listeners with normal hearing or hearing loss; cochlear implant users



Dr. Jeffrey Mellott’s Laboratory:
Neurotransmitter Changes in the Auditory System 
during Age-Related Hearing Loss

We use fluorescent immunohistochemistry…
3 mo 21 mo

Tract-tracing and reconstruction…

Immuno electron microscopy…
…to visualize changes in specific 
receptor subunits (magenta) 
that compensate for loss of 
neurotransmitters

…to visualize changes in GABAergic 
input with age…to visualize GABAergic synapses

500nm

jmellott@neomed.edu



Dr. Jeffrey Wenstrup’s Laboratory:
Acoustic Communication and Emotions

The Rationale:
The amygdala orchestrates emotional responses to sounds, e.g. speech

Our Goal: 
•To understand how the amygdala contributes to acoustic communication

•To develop an understanding of brain mechanisms in psychological 
disorders that contribute to an altered emotional response to speech

Our approach:
Describe the acoustic features of social vocalizations
Relate the acoustics to internal state and behavioral contexts
Examine how amygdalar neurons respond to these signals across contexts

Big Brown Bat (Eptesicus fuscus) CBA-CaJ Mouse

jjw@neomed.edu



Translational 
Research

Hearing loss

Functional assessments

Molecular markers

Tinnitus
Novel tinnitus detection methods

Molecular markers

Hearing 
loss

Hidden hearing loss

Pharmacogenetics of Presbycusis

Clinical 
Research

Auditory Brainstem Response

Dr. Jianxin Bao’s Laboratory:
Hearing Loss and Tinnitus

jbao@neomed.edu



• Located at Kent State University (Speech Pathology 
and Audiology)

• Examine how adolescents and young adults perceive, 
and learn to perceive, speech and other sounds.

• Perform cognitive testing to better understand how 
cognition affects auditory processing

!

Dr. Julia Huyck’s Laboratory:
Perception, Learning, and Individual Differences 
(PLAID)

jhuyck@kent.edu



Research Interests:
• Cellular mechanisms of sound localization
• Development of auditory circuits
• Plasticity of auditory neurons in brain 
diseases 

Research Methods:
• in vitro electrophysiology
• optical imaging
• immunohistochemistry

Dr. Yong Lu’s Laboratory:
Cellular Mechanisms of Auditory Processing

ylu@neomed.edu



Opportunities for Neuroscience-Related 
Hearing Research at NEOMED

Hearing Research Group
https://www.neomed.edu/research/hearing/

Follow us on Twitter (@NEOMEDHearing) or
FaceBook (Northeast Ohio Medical University Hearing Research)

Email any of us (addresses on each of our slides) 
to learn more about our research opportunities

https://www.neomed.edu/research/hearing/

