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Background and Objectives Overexposure to intense sound can cause temporary or per-
manent hearing loss. Post-exposure recovery of thresholds has been assumed to indicate reversal
of damage to the inner ear without persistent consequences for auditory function. However, there
was a report that acoustic overexposures causing moderate temporary threshold shift caused acute
loss of afferent nerve terminals and delayed degeneration of the cochlear ganglion cells while co-
chlear sensory cells were intact. The purpose of the study was to evaluate the numerical changes
of ribbon synapses and efferents to the outer hair cells in ears with temporary noise-induced
threshold shifts.

Materials and Methods Four-week old CBA mice with normal Preyer’s reflexes were used.
Mice were exposed to white noise of 110 dB SPL for one hour. Auditory brainstem response
(ABR) and distortion-product otoacoustic emission (DPOAE) were recorded before exposure
and at four different post-exposure times, 1, 3, 5, and 7 days after noise exposure. Ribbon synaps-
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Fig. 1. ABR thresholds after noise overexposure. Broadband white
noise of 1 hour 110 dB SPL induced temporary threshold shifts at
4—-32 kHz immediate after exposure. The hearing level recovered
to pre-exposure level in 5 days after noise exposure (n=12). ABR:
auditory brainstem response.
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Fig. 2. DPOAE threshold shifts after noise overexposure. Broad-
band white noise of 1 hour 110 dB SPL induced temporary thresh-
old shifts in hearing at 4—16 kHz of the f2 frequency immediate
after exposure. Elevated thresholds recovered near to the pre-ex-
posure levels in 3—7 days according to the frequencies (n=12).
DPOAE: distortion-product otoacoustic emission.

according to the post-exposure time. At 3 days after noise expo-
sure, number of ribbon synapse decreased to 78.1% of the pre-
exposure control group without statistical significance. Number of
efferent axons shows no remarkable difference among observa-
tion period (n=8 for pre-exposure, n=5 for each of 3 days and 7
days of post-exposure).

Fig. 3. Confocal fluorescence microscopy images of the cochlear basal turn at 3 days after noise overexposure. A nuclear dye for hair
cells, DAPI (blue), stained inner hair cells (filled arrow heads) and outer hair cells (unfilled arrow heads)(A). Synaptic ribbons are
stained with anti-CtBP2 antibody (red). Open arrows indicate synaptic ribbons of inner hair cells (B). Filled arrows show efferent nerve
axon neurofilaments crossing the tunnel of Corti stained using anti-NF-H antibody (green)(C). A merged image displays spatial correla-
tion of hair cells, synaptic ribbons, and neurofilaments (D). DAPI: 4,9,6-diamidino-2-phenylindole.
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