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Reactive oxygen species in chick hair cells after gentamicin exposure
in vitro
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Abstract

Reactive oxygen species have been invoked as a causative agent of cell death in many different developmental and pathological
states. The presence of free radicals and their importance in hair cell death due to aminoglycosides is suggested by a number of
studies that have demonstrated a protective effect of antioxidants. By using dichlorofluorescin (DCFH) a fluorescent compound that
is a reporter of reactive oxygen species, we have shown that free radicals are rapidly produced by avian hair cells in vitro after
exposure to gentamicin. In addition, free radical scavengers, catalase and glutathione, were tested with DCFH fluorescent imaging
for their ability to quench the production of reactive oxygen species in hair cells after drug exposure. Both free radical scavengers
were very effective in suppressing drug-induced production of free radicals. Next, we investigated the ability of these antioxidants to
preserve the structural integrity of hair cells after exposure to gentamicin. We were not able to detect any attenuation of the hair cell
loss using antioxidants in conjunction with gentamicin. This result must be qualified by the fact that the antioxidants used were not
effective over long-term gentamicin exposure. Therefore, methodological constraints prevented adequately testing possible protective
effects of free radical scavengers in this model system.
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1. Introduction

Aminoglycoside antibiotics are a mainstay of medical
therapy and have remained such despite their highly
toxic side effects, ototoxicity and nephrotoxicity, be-
cause they are effective and inexpensive. Renal function
is usually closely monitored in the inpatient setting, but
changes in hearing thresholds are frequently not de-
tected during a patient’s hospital course. Therefore, un-
derstanding the mechanism of aminoglycoside ototoxi-
city might assist in the prevention of hearing loss
among these patients and also in elucidating those path-
ways involved in hair cell death.
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The avian cochlea, basilar papilla, lends itself to a
great number of experimental approaches to the prob-
lem of ototoxicity, in part because it is readily surgi-
cally accessible, the dissection is technically straightfor-
ward, and organ and tissue culture preparations from
mature tissue have been developed (Oesterle et al.,
1993; Stone et al., 1995, 1996). Richardson and col-
leagues pioneered the use of cochlear explants from
neonatal mouse inner ear to demonstrate morphological
changes in mammalian hair cells after exposure to ami-
noglycosides using a similar culture technique (Richard-
son and Russell, 1991; Kotecha and Richardson, 1994).
While the structure of the chick basilar papilla is some-
what different from that of the mammalian cochlea, it
has been well established that the avian auditory system
is analogous to the mammalian auditory system with
regard to its response to noise and to drugs such as
aminoglycosides. The culture techniques that have
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