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Recovery of the afferent activity in the frog crista ampullaris following aminoglycoside treatment
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The majority of disorders causing hearing and balance impairment are due to degeneration of hair cells of the inner ear. Aminoglycoside antibiotics, including gentamicin (GM), are known to induce severe degenerative effects in both cochlear and vestibular organs. The discovery that hair cells regenerate in fish, amphibians, reptiles and birds after antibiotic treatment has stimulated the study of  the mechanisms of repair and regeneration of the sensory epithelia in different  inner ear organs. The present investigation was designed to elucidate the process of hair cell degeneration and regeneration in the frog crista ampullaris. This was achieved by monitoring, in the same preparation, the changes of both afferent activity and hair cell  morphology after GM treatment. GM (15 µl solution) was applied intraotically close to the perilymphatic cisterna and 2 mM GM concentration was found effective in inducing  the desired ototoxic effects. The degenerative action at hair cell level started  1-2 days after GM treatment and was severe after 4 days. We found that almost all sensory cells of the crista were degenerated, while most supporting cells and basal cells showed normal cellular morphology. Regenerating hair cells were often seen 5 day after GM treatment. They were identified on the basis of  their small cell bodies  and nuclei as well as their small immature hair bundles. From this stage, hair cells density increased significantly reaching normal values after 12-15 days. The morphological changes of hair cells during degeneration and subsequent regeneration process well correlated with the frequency changes of  the resting activity of action potentials recorded from the ampullar posterior nerve in isolated preparations.  The firing rate decreased of  20% and 70 % within  2 (n=10) and 3 (n=12)  days after GM treatment respectively and  disappeared almost completely within 4 days. The recovery of afferent activity started 5 days after GM administration and progressively increased reaching normal values (100 spikes/sec, n=12) after 15 days. The present data indicate that frog semicircular canal recovers rapidly and completely its resting afferent activity following aminoglycoside toxicity. This implies a good recovery of hair cell excitability and afferent transmission at the cytoneural junctions.
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