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Abstract
We recently demonstrated that sub-chronic low-dose kanamycin (KM, 300 mg/kg sc, 2x/day, 10
days) dramatically reduces permanent noise-induced hearing loss (NIHL) and hair cell loss in 1
month old CBA/J mice (Fernandez et al., 2010, J. Assoc. Res. Otolaryngol. 11, 235–244).
Protection by KM remained for at least 48 hours after the last dose, and appeared to involve a
cumulative effect of multiple doses as part of a preconditioning process. The first month of life
lies within the early ‘sensitive period’ for both cochlear noise and ototoxic injury in mice, and
CBA/J mice appear exquisitely vulnerable to noise during this period (Ohlemiller et al., 2011,
Hearing Res. 272, 13–20). From our initial data, we could not rule out 1) that less rigorous
treatment protocols than the intensive one we applied may be equally—or more—protective; 2)
that protection by KM is tightly linked to processes unique to the sensitive period for noise or
ototoxins; or 3) that protection by KM is exclusive to CBA/J mice. The present experiments
address these questions by varying the number and timing of fixed doses (300 mg/kg sc) of KM,
as well as the age at treatment in CBA/J mice. We also tested for protection in young C57BL/6J
(B6) mice. We find that nearly complete protection against at least 2 hours of intense (110 dB
SPL) broadband noise can be observed in CBA/J mice at least for ages up to 1 year. Reducing
dosing frequency to as little as once every other day (a four-fold decrease in dosing frequency)
appeared as protective as twice per day. However, reducing the number of doses to just 1 or 2,
followed by noise 24 or 48 hrs later greatly reduced protection. Notably, hearing thresholds and
hair cells in young B6 mice appeared completely unprotected by the same regimen that
dramatically protects CBA/J mice. We conclude that protective effects of KM against NIHL in
CBA/J mice can be engaged by a wide range of dosing regimens, and are not exclusive to the
sensitive period for noise or ototoxins. While we cannot presently judge the generality of
protection across genetic backgrounds, it appears not to be universal, since B6 showed no benefit.
Classical genetic approaches based on CBA/J × B6 crosses may reveal loci critical to protective
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cascades engaged by kanamycin and perhaps other preconditioners. Their human analogs may
partly determine who is at elevated risk of acquired hearing loss.

Keywords
Noise-induced permanent threshold shifts; hair cells; development; susceptibility; genetics; CBA/
J; C57BL/6J; aminoglycosides; ototoxicity

INTRODUCTION
Young humans and animals appear particularly vulnerable to both noise and ototoxins
(Saunders and Chen, 1982; Li, 1992a; Pujol, 1992; Henley and Rybak, 1995). Scattered
evidence, moreover, supports the expectation that sub-injurious noise and sub-clinical
ototoxic exposure will interact synergistically to produce hearing loss in young humans and
animals (Bernard, 1981; Henley and Rybak, 1995; Li and Steyger, 2009). However, in a
recent attempt to document this type of synergy in young CBA/J mice (Fernandez et al.,
2010), we unexpectedly observed dramatic protection against permanent noise-induced
hearing loss (NIHL) by sub-chronic application of low-dose kanamycin (KM, 300 mg/kg sc,
2x/day, postnatal day 20–30). The protection remained undiminished up to 48 hours after the
final dose, yet no protection was provided by a single dose of KM. Thus we suggested that
KM engages ‘preconditioning’ protective processes not unlike those engaged in the cochlea
by heat shock (Yoshida et al., 1999), hypoxia (Gagnon et al., 2007), moderate sound
(Yoshida and Liberman, 2000; Niu and Canlon, 2002), and restraint (Wang and Liberman,
2002), as well as those demonstrable in the brain and eye by local ischemia and other
triggers (Dirnagl et al., 2003; Eisen et al., 2004; Ran et al., 2005; Gidday, 2006). As with
some forms of preconditioning, protection by KM may build with repeated application over
time, then dissipate slowly.

The finding of protection by an ototoxin early in life potentially holds implications for the
nature of noise/ototoxin interactions in humans, both early and later in life. Moreover, the
dramatic protection we found may mean that KM initiates robust protective cascades for
which pharmacologic mimics may be sought. The broad relevance of KM preconditioning
depends on several factors not examined in our original study. Among these, we used an
intensive treatment protocol that may itself have caused some injury, and we did not
determine whether less intensive treatments could retain efficacy. Second, we only tested
mice during the early ‘sensitive period’ for NIHL and ototoxicity (Henry, 1982b; Chen and
Saunders, 1983; Ohlemiller et al., 2000; Wu et al., 2001; Kujawa and Liberman, 2009), and
could not rule out that the protection was somehow limited to this period. Third, a host of
mouse strain differences have been described with regard to the effects of noise, ototoxins,
and aging (Willott, 1991; Erway and Willott, 1996; Zheng et al., 1999; Wu et al., 2001;
Ohlemiller, 2006, , 2009), as well as ‘protectability’ by preconditioning (Gagnon et al.,
2007). We therefore could not assume that our findings would generalize to all—or even
most—inbred lines. In the present study we address these issues in turn, by testing effects of
less rigorous treatment paradigms, and by determining the extent of protection in older
CBA/J mice, as well as young C57BL/6J (B6) mice. We show that KM protection against
NIHL in CBA/J is highly permissive with regard to dosing regimen and age of treatment,
but does not work equally well in CBA/J and B6 mice. B6 mice may carry alleles that either
promote net injury by KM or impair the engagement of protective cascades.
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METHODS
Animals

Our study encompassed 67 CBA/J that received KM or saline under various 10–11 day
dosing regimens (Table I) with noise exposure on postnatal day (PND) 29 or 30. Also
included were 13 CBA/J mice aged 2 mos at the start of a 10 day treatment, and 8 CBA/J
mice aged 1 yr at start of a 10 day treatment. Archival data from 14 additional untreated 1
month old and four 1 year old CBA/J mice were used to evaluate the normalcy of some
ABR and hair cell data sets (Figs. 4,5). A total 21 C57BL/6J (B6) mice also underwent 11
day KM or saline injection, then received noise at PND 30. All groups were randomly mixed
by gender. Sample sizes by experiment and group are given in each graph. Inbred mice were
purchased from The Jackson Laboratory (JAX) or bred from these. B6 mice were used to
test the generality of protection against NIHL by kanamycin. Although neither B6 nor any
other single strain can conclusively resolve this issue, B6 mice were chosen based on the
wealth of noise injury data available on these (Henry, 1982a; Li, 1992b; Erway and Willott,
1996; Davis et al., 2001; Ohlemiller and Gagnon, 2007), and on the non-overlapping origins
of B6 and CBA/J from their inception as inbred lines (Fox et al., 1997). In addition, extant
data suggest that these two strains show different capacities for protection by some
preconditioning paradigms (Gagnon et al., 2007).

Drug treatments
In all cases each dose of KM was delivered subcutaneously at 300 mg/kg, and only the
timing of dosing varied. The choice of 300 mg/kg as a subclinical dose was based on a
comparison of relative kanamycin ototoxicity in young CBA/J, B6, and BALB/c mice (Wu
et al., 2001).

1 Month Old CBA/J—Variations from our original twice per day dosing regimen included
progressively reducing the frequency of KM/saline dosing to 1/day, every other day, and
every 3rd day (Table I.), always beginning dosing on PND 20. To prevent a prolonged gap
after the final dose, the last dose for the every-3rd-day paradigm was given on PND 30 rather
than PND 29. Varying dose interval over the same total duration also meant that each group
received a different number of doses as follows: once/day (10 doses), every other day (5
doses), every 3rd day (4 doses). Additional experiments in CBA/J tested the efficacy of a
single dose applied either on PND 28 or 29, followed by noise on PND 30. The final
experiment in 1 month old CBA/Js probed further the minimal effective protocol, applying
KM on both PND 27 and 29, followed by noise on PND 30.

Older CBA/J—The sensitivity period to aminoglycosides in mice ends around 1 month of
age (Henry et al., 1981; Wu et al., 2001), while that for noise extends to at least 4 months
(Henry, 1982b; Kujawa and Liberman, 2009). To test the significance of these windows for
preconditioning processes, and the effect of age in general, additional experiments were
conducted in mice that were either 2 months or 1 year old at the time of noise exposure.
Noting, as we will show, that a single application of KM per day is highly effective in young
CBA/J, and not wishing to stress the 1 year old CBA/J mice any more than necessary, these
received KM or saline once/day for 10 days, followed by noise on day 11.

1 Month Old B6—Having no information at the outset what might constitute the optimal
treatment protocol for B6, we determined to recapitulate the original intensive approach
taken in CBA/J. Thus these mice received KM twice/day from PND 20–30, with noise
exposure on PND 30. The logic of applying the most intensive protocol was to maximize the
odds of either clear protection or overt harm by KM.
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Noise exposure
All exposures utilized broadband noise (4–45 kHz, 110 dB SPL), produced and filtered with
General Radio 1310 generators and Krohn-Hite 3550 filters, respectively. Pairs of mice from
different treatment groups were placed in a wire cage suspended among four Motorola
KSN1020A piezo ceramic speakers placed at 0, 90, 180, and 270 degrees azimuth in a foam-
lined single-walled sound-proof booth (Industrial Acoustics, Bronx, NY). The cage was
rotated at 0.013 Hz during the exposure to achieve a homogeneous sound field. The duration
of exposure varied by strain and age, in accordance with previous work indicating marked
differences in noise vulnerability between young (6 wk old) CBA/J and B6, and between
young and older CBA/J (6 wks vs. 6 mos) (Ohlemiller et al., 2011). In each case the goal
was to inflict a permanent moderate (20–50 dB) hearing loss at most ABR test frequencies.
At PND 30–31 CBA/J mice are near peak vulnerability, requiring as little as 30 s of noise to
manifest substantial NIHL. Therefore, 30 s exposures were applied to these mice, while B6
mice of the same age received 30 min of noise. By 2 months, CBA/Js can withstand longer
exposures, so that these received 15 min of noise. Finally, because the effects of a moderate
broadband 2 hr exposure in older (8–10 mos) CBA/J have been characterized (Ohlemiller
and Gagnon, 2007), this exposure was selected for 1 year old CBA/J.

ABR recording
ABR testing was performed 10–14 days after noise exposure, depending on the experiment,
by an operator blinded to condition. Because of the risk of losing fragile weanling mice in
multiple tests, ABR tests in CBA/J and B6 mice noise exposed at 1 month were performed
only after noise, so that the extent of NIHL was judged by comparison of treatment groups.
Because of the limited number of 1 year old CBA/J mice available, these were tested both
before treatment and after noise. Testing was performed using Tucker-Davis Technologies
(TDT) System II hardware and software. Animals were anesthetized with a solution of
ketamine and xylazine (80/15 mg/kg, i.p.) and positioned dorsally in a custom headholder.
Subdermal platinum needle electrodes (Grass) were placed in the mid-back (ground), behind
the right pinna (active), and at the vertex (reference). Body temperature was monitored
throughout testing using a rectal probe, and maintained at 37.5 ± 1.0°C using a DC current-
based isothermal pad (FHC). The right ear of each mouse was stimulated in freefield using a
TDT ES-1 speaker placed at 7 cm distance along the interaural axis. Stimuli were 5 ms
tonebursts (1000 repetitions, 20/s, 1.0 ms rise/fall time) at frequencies of 5, 10, 20, 28.3, 40,
and for later experiments, 56.6 kHz. To eliminate contributions to the ABR by the
unstimulated ear, the left external meatus was compressed using a spring-loaded clip.
Responses were amplified ×100,000 and filtered at 100–10,000 Hz. Thresholds were taken
to be the lowest sound level for which Wave I could be identified, using a 5 dB minimum
step size. Data were analyzed by 2 way ANOVA (threshold by group, frequency), followed
by Bonferroni multiple comparisons tests.

Sample preparation
One cochlea from each of 3–9 mice/group was prepared for hair cell counts after recording
(See related figures for sample sizes.). For sacrifice, animals were overdosed using
Pentobarbital and perfused transcardially with cold 2.0% paraformaldehyde/2.0%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). Each cochlea was rapidly isolated,
immersed in the same fixative, and the stapes was removed. Complete infiltration of the
cochlea by fixative was facilitated by drilling a small hole at the apex of the cochlear
capsule, and gently circulating the fixative over the cochlea using a transfer pipet. After
decalcification in sodium EDTA for 72 hours, cochleas were post-fixed in buffered 1%
osmium tetroxide, dehydrated in an ascending acetone series, and embedded in Epon.
Cochleae were dissected using fine blades into half-turn segments, immersed in mineral oil
in a depression slide, and examined as surface preparations by Nomarski optics using a 20×
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oil objective and a calibrated grid ocular. The percent outer hair cells (OHCs) and inner hair
cells (IHCs) missing (as judged by the absence of nuclei) was estimated in contiguous 200
µm segments, and data were recorded separately by cell type as a function of distance from
the basal tip. For each hair cell type, distance versus percent present was plotted as a
function of frequency based on Muller et al. (Muller et al., 2005). Hair cell survival
differences by group were analyzed by 2 way ANOVA (cell loss by group, cochlear place),
followed by Bonferroni multiple comparisons tests. Because only IHC loss was minimal,
and varied little by group, only OHC results are presented.

RESULTS
Reduced dosing frequency in young CBA/J

The previous data indicated that a twice/day KM injection regimen is nearly completely
protective against otherwise substantial NIHL in 1 month old CBA/J (Fernandez et al.,
2010). Figure 1 shows the result of progressively reducing dosing frequency to 1/day, every
other day, then every third day. Saline control animals receiving injections 1/day or every
3rd day showed similar results, so that data from these have been collapsed. Only when KM
was applied as infrequently as every third day was protection against 30 s of noise clearly
less than complete for frequencies up to 40 kHz.

Corresponding outer hair cell counts are shown in Figure 2. Because CBA/J mice less than 8
months old show essentially no age-associated hair cell loss (Sha et al., 2008), any loss is
assumed to indicate either noise injury or direct KM toxicity. Saline control and 2/day KM
data from Fernandez et al. (2010) are also reproduced for comparison. OHC loss was limited
in all cases to the lower cochlear base, yet was further restricted to the hook region in all
KM-treated groups. Comparing the previous and present animals, we could discern no
difference in OHC survival between mice receiving KM twice/day, once per day, or every
3rd day. There also appeared to be no systematic improvement in OHC survival in the hook
region as the frequency of KM injections was decreased. From these data we conclude that
the original twice per day KM regimen was at least four times more intensive than required
for essentially complete protection of frequency regions below 40 kHz in the young CBA/J
mice. The hook region (approximately the most basal 0.8 mm), however, appeared
refractory to protection by KM at any dose. The relative constancy of OHC loss across KM
dosing schedules suggests that the OHC loss in the hook region was un-remedied noise
injury, and not injury by KM.

Minimal dosing requirements in young CBA/J
Neither the results of our previous paper (Fernandez et al., 2010) nor those presented in the
previous section rule out substantial efficacy in 1 month old CBA/J mice of a single dose of
KM followed by noise exposure 24 or 48 hours later. Figure 3 shows an explicit test of the
protective power of a single KM application either 24 or 48 hrs prior to noise, or 2 doses
applied 48 hours apart with noise following the next day. Saline controls covered only the 2
dose condition. Although there were minor—albeit statistically significant—differences
among the KM groups, all differed substantially from thresholds in mice receiving KM or
saline alone. Although these tests do not specifically reveal the minimal KM dosing regimen
needed for optimal efficacy, we infer such a regimen to entail at least three 300 mg/kg
injections, spaced no more than 48 hours apart. The minimal regimen is thus sub-chronic in
nature, in keeping with a preconditioning mechanism that requires some time to engage.

Efficacy of KM in older CBA/J
The protective potential of KM against noise was further tested in CBA/J mice receiving
noise at 2 mos or 1 yr of age (Fig. 4). In each case, either KM or saline was administered
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once per day. At 2 mos, KM treated mice sustained significantly less NIHL than saline
controls (Fig. 4A). Although concurrent no-treatment controls were not run, typical age-
matched archival data (dashed line) indicate that the protection was not complete. Because
of the limited availability 1 year old mice, both KM- and saline-treated animals underwent
initial ABR testing at the end of their injections. At this point the two groups completely
overlapped, suggesting the KM alone was not toxic, and data from these have been
combined (Fig. 4B). Juxtaposed with the young archival data, it is apparent that these
animals all had near-normal hearing, as expected at this age in CBA/J (Ohlemiller et al.,
2010), so that pre-existing hearing loss was not a factor in any subsequent NIHL. Two hours
of noise imparted 20–40 dB threshold shifts to the saline-treated animals, consistent with
previous data (Ohlemiller and Gagnon, 2007). Under these conditions, the KM-treated mice
showed essentially complete threshold protection up to 56.6 kHz.

Figure 5 shows accompanying OHC survival data from the 1 year old animals. Owing to
age, all mice evidenced OHC loss in the extreme base and apex (Sha et al., 2008; Ohlemiller
et al., 2010). The untreated and KM-treated animals were similar in this respect, suggesting
that KM treatment prevented all noise-related OHC loss in these mice. By contrast, basal
OHC losses in the saline-treated mice, while still limited to the hook, extended significantly
further into this region. From these tests we conclude that protection against noise by KM in
CBA/J is limited neither to the sensitive period for ototoxic injury in mice, nor to any age up
to one year.

Efficacy of KM in young C57BL/6
Figure 6 shows results when our original KM treatment paradigm was applied to 1 month
old B6 mice. Unlike CBA/J, mice receiving KM alone exhibited modest (~10 dB) but
statistically significant hearing loss. Also unlike CBA/J, animals receiving KM prior to
noise fared no better against noise than did saline controls. The small protective effect that
might be hinted in these data may reflect protection afforded by the initial threshold shift.

Figure 7 shows corresponding OHC counts. The B6 mice receiving KM alone showed cell
loss in the extreme base that is probably associated with the earliest effects of the Cdh23Ahl

allele (Johnson et al., 1997). By contrast, both saline- and KM-treated animals showed
additional OHC loss that extended well into the lower cochlear basal turn. From these tests
we conclude that the same KM injection regimen that shows dramatic protection in young
CBA/J mice protects neither hearing thresholds nor outer hair cells in young B6 mice, and
may in fact be harmful.

DISCUSSION
Our data confirm the findings of Fernandez et al. (2010), and further indicate that the
protective effects of sub-chronic KM against NIHL extend down to dosing levels that cause
neither threshold elevation nor hair cell loss in CBA/J mice. The present data support nearly
complete protection against noise exposures ranging up to 2 hrs, exposures that otherwise
inflict moderate NIHL and hair cell loss. In fact, the degree of protection we observed over a
range of conditions exceeds that reported for some pharmacotherapies (Ohlemiller, 2008) so
that the cellular and molecular mechanisms are well worth exploring. The apparent
requirement for multiple KM applications over days to obtain maximal protection supports
the contention that KM initiates a preconditioned protective state that probably shares
properties with other preconditioning paradigms in the cochlea, as well as in brain, retina,
and other tissues. While the seeming lack of protection in B6 mice suggests that KM
protection may not work on all genetic backgrounds, we do not yet know which case is more
typical. Moreover, classical genetic approaches brought to bear on this glaring strain
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difference may ultimately reveal genes that are critical to innate protective processes and
which may predispose some individuals to acquired hearing loss.

Permissive character of KM protection in CBA/J mice
Table I shows that minor variations in the application of KM do not impair its protective
effects in CBA/J mice, apparently as long as more than 2 doses are applied no more than 48
hrs apart. The extent of protection was affected little by the duration of the noise exposure,
or by the age at which the experiments were conducted. These findings were not necessarily
anticipated. During the first months of life CBA/J mice are reportedly more vulnerable to
both noise and ototoxins than are B6 mice (Wu et al., 2001; Ohlemiller et al., 2011).
Processes unique to CBA/J that are active only during this period could therefore have
limited KM’s protective effects to the sensitive period for noise, ototoxins, or both.

Lack of protection young C57BL/6 mice
We could not demonstrate protection by KM in 1 month old B6 mice. Our experiments do
not prove that KM cannot elicit protection in B6, since there may be suitable conditions we
did not test. Nevertheless, contrasted with the permissive nature of protection in CBA/J, the
B6 data suggest that there are fundamental, genetically related differences in the internal
response to low-dose KM among inbred strains.

Among the molecular mechanisms implicated in various forms of preconditioning (see
below), some will overlap. Thus it is worth considering whether there exists an established
pattern of unresponsiveness to preconditioning in B6. The literature on preconditioning
against NIHL includes few inbred mouse strain comparisons, yet among these are two
comparisons of B6 versus CBA/J or CBA/CaJ. Both B6 and CBA/CaJ gain protection from
restraint stress (Peppi et al., 2011); however, only B6 showed no benefit from hypoxia
(Gagnon et al., 2007). The basis of preconditioning is an up-regulation of innate protective
cascades by a noxious, but not permanently harmful, stressor. There may be a precarious
balance between the amount of harm inflicted by the preconditioning stimulus and the
strength of the internal response. The response to low-dose KM presumably involves some
level of injury to hair cells and other cells that engages protective and repair machinery. Our
ABR data suggest that B6 mice are actually harmed, rather than helped, by kanamycin. It
may be the relative strength of these two processes—injury versus the engagement of
protections—that distinguishes CBA/J from B6 mice. The suggestion in our data that
systemic KM at 300 mg/kg may be more ototoxic to young B6 mice than to young CBA/Js
seems to diverge from an earlier report showing the opposite (Wu et al., 2001). The variance
in results may reflect a difference in the age at which KM treatment began (3 wks vs. 5
wks).

Genes and mechanisms
Demonstrated forms of cochlear preconditioning against NIHL include pre-treatment by
heat (Yoshida et al., 1999), hypoxia (Gagnon et al., 2007), moderate sound (Yoshida and
Liberman, 2000; Niu and Canlon, 2002), and restraint (Wang and Liberman, 2002).
Glucocorticoid pathways have been implicated in the case of sound and restraint (Wang and
Liberman, 2002; Canlon et al., 2007), and a key transcription factor (PLZF) has been
recently identified (Peppi et al., 2011). Heatshock protein HSP70 largely mediates
protection by elevation of body temperature (Yoshida et al., 1999), while our own work
using hypoxia (Gagnon et al., 2007) suggested a role for HIF-1α. The preconditioning
literature across systems and tissues further implicates antioxidants, TNFα, NFκB, HO-1,
and Nrf2 (Dirnagl et al., 2003; Ran et al., 2005; Gidday, 2006; Lehotsky et al., 2009),. All
the above factors are known to participate in cochlear responses to stress (Rybak, 2007; So
et al., 2008; Matsunobu et al., 2009; Yamamoto et al., 2009; Chance et al., 2010), some to
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aminoglycosides specifically (Jiang et al., 2005; Chen et al., 2008; Taleb et al., 2009). The
friend-or-foe nature of some factors, in particular TNFα and NFκB (Shi and Nuttall, 2007;
Yamamoto et al., 2009), may depend on when and where they are expressed (Ohlemiller,
2008). The critical genetic differences that distinguish CBA/J and B6 mice with regard to
KM ‘protectability’ may include genes that encode one or more of the factors just listed, or a
downstream target. There is probable commonality among genes that mediate
preconditioning, genes that regulate innate cellular protective and repair processes, and
‘susceptibility’ genes that render some individuals more likely to exhibit acquired hearing
loss. It may be possible to use mouse strain differences like those reported here as the basis
for mapping studies to uncover genes and mechanisms common to all three categories.
Genes thus revealed in mice may play the same role in humans.

Critical site of protection
Depending on exposure parameters, permanent cochlear noise injury in CBA/CaJ and CBA/
J mice may encompass the organ of Corti, spiral ganglion, and lateral wall (Wang et al.,
2002; Hirose and Liberman, 2003; Ohlemiller and Gagnon, 2007; Kujawa and Liberman,
2009). At least in these strains, the latter targets do not appear to influence threshold
recovery, although for any given region the health of the spiral ligament may influence the
survival of adjacent hair cells (Ohlemiller, 2008). Nevertheless, in kanamycin
preconditioning as well as other methods, the key effects are probably improved hair cell
function and survival. Significant preservation of OHCs was found in all KM-protected
groups, but notably, not in B6. Typical of mice (Ou et al., 2000; Wang et al., 2002;
Fernandez et al., 2010), the range of frequencies exhibiting noise-induced ABR threshold
shifts exceeded those corresponding to cochlear locations with hair cell loss. Most likely,
KM promoted repair and retention of function in hair cells not killed by noise. In CBA/J and
B6 we would therefore predict that the critical mediators of KM preconditioning are
expressed—or not—in the organ of Corti or adjacent spiral ligament.

Research Highlights

• CBA/J mice can be nearly completely protected from noise-induced hearing loss
by sub-chronic application of low-dose kanamycin (300 mg/kg, sc).

• Maximum protection can be obtained from a few doses spaced at 48 hr intervals,
and is not dependent on mouse age.

• Protection by kanamycin in CBA/J is associated with significant preservation of
outer hair cells.

• Dosing paradigms that work well in CBA/J mice do not protect hearing
thresholds or outer hair cells in C57BL/6J mice.
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Figure 1.
Mean(−SD) ABR thresholds in 1 month old noise-exposed and control CBA/J mice as a
function of KM dosing frequency, keeping each dose constant at 300 mg/kg.
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Figure 2.
Mean(+SD) outer hair cell counts in 1 month old noise-exposed and control CBA/J mice as
a function of KM dosing frequency, with overlaid data from Fernandez et al. (2010).
Accompanying ABR data are shown in Figure 1.
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Figure 3.
Mean(−SD) ABR thresholds in 1 month old noise-exposed and control CBA/J mice as a
function of the number and timing of KM injections, keeping each dose constant at 300 mg/
kg. Animals received 1 or 2 doses of KM or saline, either 24 or 48 hrs prior to noise.
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Figure 4.
(A) Mean(−SD) ABR thresholds in 2 month old noise-exposed CBA/J mice receiving KM
or saline once/day for 10 days prior to noise. (B) Mean(+SD) ABR thresholds in 1 year old
noise-exposed CBA/J mice receiving KM or saline once/day for 10 days prior to noise. In B,
thresholds were obtained at the end of the dosing regimen, but prior to noise. These were
similar in KM- and saline-treated mice, and have been combined. In all cases KM dosing
was held constant at 300 mg/kg. Typical ABR results for young CBA/J are included for
comparison in both graphs (dotted lines).
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Figure 5.
Mean(+SD) outer hair cell counts in 1 year old noise-exposed and control CBA/J mice
receiving KM or saline for 10 days prior to noise. Accompanying ABR data are shown in
Figure 4.
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Figure 6.
Mean(+SD) ABR thresholds in 1 month old noise-exposed and control C57BL/6J mice
receiving KM or saline twice/day prior to noise, keeping each dose constant at 300 mg/kg.
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Figure 7.
Mean(+SD) outer hair cell counts in 1 month old noise-exposed and control C57BL/6J mice
receiving KM or saline twice/day for 10 days prior to noise. Accompanying ABR data are
shown in Figure 6.
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