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We attend a loud concert, expose our ears to trauma, cause our brains to react, and

yet we awaken with what seems to be normal hearing?

How is it that we can understand the word “water” when said by an old man from

Australia (“wattah” in a deep, quavering voice), a mother from Baltimore, Maryland 
(“wooder” in medium-pitched drawl),

or a young child from Ireland ( “wada” in a high pitched voice)?  

We suffer from hearing loss and yet we insist that we don’t need hearing aids.

This situation is far different from when our lenses get stiff and we can’t read the

words in a book or recognize our friends when we pass them on the street without

corrective glasses?
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Why study endbulbs?

Endbulbs are large, axosomatic endings that arise from the myelinated auditory 
nerve fibers.  They have been found in all land vertebrates examined to date.  The 
size and evolutionary conservation are indicative of their biological importance.  
Perhaps most practically, they are easy to identify because of their size and shape.  
They form numerous synapses, suggesting a failsafe connection such that every 
action potential arriving at the terminal is conveyed to the next cell with high 
fidelity.  A reliable synapse ensures that neural activity and acoustic events are 
coupled in time.
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Endbulb morphology from pairs of auditory nerve fibers in the same cat (separate 
nerves) reveal structural differences that appear related

to overall activity levels.
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The structural complexity of endbulbs are dependent on auditory nerve activity.  
Compared to hearing cats, deaf cats exhibit highly atrophic endbulbs.  This 
pathology is evident by 6 months of age, which is feline puberty.  The pathology 
does not progress as evidence by the lack of change at 6.5 years of age.  For these 
groups of endbulbs, complexity was quantified by using fractal analysis.
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In addition to changes in auditory nerve input, there were changes in the amount of 
inhibitory input to spherical bushy cells. Given these abnormalities in brain 
organization following deafness, the question we had was whether the re-
introduction of activity into the auditory system would reverse the pathologies.
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Shaker-2 mice carry a point mutation on chromosome 11, affecting myosin 15, an 
unconventional myosin, and producing abnormally short stereocilia in auditory and 
vestibular hair cells of the inner ear.  The homozygous mutant mice are born deaf 
and develop perpetual circling behavior although receptor cells and primary neurons 
remain intact for at least the first 90 days of postnatal life.  Myosin 15 is not found 
in the CNS so the missing protein is not responsible for structural changes in the 
endings of neurons.
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Congenital deafness causes a loss of synchrony in the afferent volley that creates the 
evoked auditory brainstem response.
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The structural complexity of endbulbs are dependent on auditory nerve activity.  
Compared to hearing cats, deaf cats exhibit highly atrophic endbulbs.  This 
pathology is evident by 6 months of age, which is feline puberty.  The pathology 
does not progress as evidence by the lack of change at 6.5 years of age.  For these 
groups of endbulbs, complexity was quantified by using fractal analysis.
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We used antibodies directed against the glycine transporter for neurons and showed 
that immunostaining specifically labeled endings with pleomorphic SVs and left 
those with clear, round SVs unstained.  While the staining isn’t overly dark, it is 
nevertheless clear that it marks the outside of the SVs and the mitochondria. In 
other words, the immunostaining identifies inhibitory endings, and we used this 
method to help us identify the various types of inputs.
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