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Abbreviations:

ABR, auditory brainstem response
DT, diphtheria toxin

DTR, DT receptor

EDTA, ethylenediaminetetraacetic acid
EF-2, elongation factor-2

HB-EGF, heparin-binding epidermal growth factor-like growth factor
HC, hair cell

H&E, hematoxylin and eosin

IHC, inner hair cell

OHC, outer hair cell

P, postnatal

PB, phosphate buffer

PBS, phosphate-buffered saline
PFA, paraformaldehyde

SEM, scanning electron microscopy
SGN, spiral ganglion neuron

SPL, sound pressure level

SV, stria vascularis

TNBT, tetranitro blue tetrazolium
W, week-old

WT, wildtype
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ABSTRACT

Diphtheria toxin (DT) administration into transgenic mice that express the DT receptor (DTR)
under control of specific promoters is often used for cell ablation studies in vivo. Because DTR
is not expressed in mice, DT injection has been assumed to be nontoxic to cells in vivo. In this
study, we demonstrated that DT application during the juvenile stage leads to hearing loss in
wildtype mice. Auditory brainstem response measurement showed severe hearing loss in
C57BL/6 mice administered DT during the juvenile period, and the hearing loss persisted into
adulthood. However, ototoxicity did not occur when DT was applied on postnatal day 28 or
later. Histological studies demonstrated that hearing loss was accompanied by significant
degeneration of inner and outer hair cells (HCs), as well as spiral ganglion neurons. Scanning
electron microscopy showed quick degeneration of inner HCs within 3 days and gradual
degeneration of outer HCs within 1 week. These results demonstrated that DT has ototoxic
action on C57BL/6 mice during the juvenile period, but not thereafter, and the hearing loss was

due to degeneration of inner and outer HCs by unknown DT-related mechanisms.
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Conditional ablation of specific cells is an indispensable technique for studying cellular
functions in vivo. In recent studies, transgenic or knock-in mice, which are designed to express
diphtheria toxin (DT) receptor (DTR) in a specific cell-type, have been used for conditional
ablation studies (Saito et al., 2001). DT is an exotoxin secreted by Corynebacterium
diphtheriae. After binding to DTR, which is identical to human heparin-binding epidermal
growth factor-like growth factor (HB-EGF) (Naglich et al., 1992), DT is translocated to
endosomes by endocytosis, and the A-fragment of DT is released into the cytoplasm (Collier
and Kandel, 1971; Gill and Dinius, 1971; Dorland et al., 1979). The released A-fragment then
catalyzes ADP-ribosylation of elongation factor-2 (EF-2) and inhibits protein synthesis,
thereby inducing cell death (Honjo et al., 1968; Robinson et al., 1974). The DT-induced
ablation system in mice is based on the fact that DT binds to human HB-EGF but not to mouse
HB-EGF (Mitamura et al., 1995; Cha et al., 1998). Mice have been shown to be resistant to DT
(Pappenheimer et al., 1982), and conditional ablation of specific cells, which exogenously

express DTR, is achieved by systemic administration of DT (Saito et al., 2001).

Because DT itself is assumed to have no biological effect on wildtype (WT) mice, several
studies failed to include a control group that treated WT mice with DT in their study (Kwon et
al., 2014; Wang et al., 2014). Conversely, some studies have reported unexpected off-target
effects of DT on WT mice, such as weight loss (Meyer Zu Horste et al., 2010; Goldwich et al.,
2012; Christiaansen et al., 2014), proteinuria (Goldwich et al., 2012), and mucosal
inflammation of the lung (Chapman and Georas, 2013). Furthermore, high-dose DT was shown
to be lethal in mice (Bonventre et al., 1973; Goldwich et al., 2012; Christiaansen et al., 2014).

Because these reports used purified DT with few contaminants, such as endotoxins, and
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demonstrated consistent results using DT supplied from different vendors (Meyer Zu Horste et
al., 2010; Chapman and Georas, 2013; Christiaansen et al., 2014), these studies demonstrated

that DT causes adverse effects on mice.

In an analysis using DTR knock-in mice from the C57BL/6 strain, results unexpectedly showed
that DT-treated juvenile mice exhibited abnormal behaviors in response to auditory stimuli, and
this abnormality was also observed in C57BL/6 WT mice. Therefore, we hypothesized that DT
might induce side effects, such as hearing loss. In the present study, we investigated the effects
of DT during postnatal development, and results revealed that inner hair cells (IHCs), outer hair
cells (OHCs), and spiral ganglion neurons (SGNs) were impaired after DT treatment, and

juvenile C57BL/6 mice were more susceptible to DT.
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EXPERIMENTAL PROCEDURES

Animals

Male C57BL/6J and CBA/J mice were purchased from Charles River Laboratories Japan
(Yokohama, Japan). All experimental procedures were conducted in accordance with standard
guidelines for animal experiments from the Nagoya University Graduate School of Medicine.
This study was approved by the local animal ethics committee of Nagoya University (approval
number: 26181, 27204 and 28303). All efforts were made to minimize the number of animals

and their suffering.

Recording of auditory brainstem response (ABR)

Phosphate-buffered saline (PBS) or DT (50 pg/kg, Sigma, St Louis, MO, USA) was
intraperitoneally injected into postnatal (P) 7, P14, P28, or 8-week-old (W) mice. Survival rates
were almost 100%, and neither morphological nor behavioral abnormalities were observed
after treatment with this DT dose. ABR was measured as described in our previous reports at 14
or 15 days after DT administration (AD Instruments Pty. Ltd., Castle Hill, Australia) (Ohgami
et al., 2010). Tone-burst stimuli at 4, 12, 20, and 32 kHz were recorded in 10-dB increments
from 0 to 90 or 100 dB sound pressure level (SPL). The threshold was determined by
identifying the lowest level of wave I. When any wave was not observed at the highest
stimulation level, the threshold was assigned to the highest presentation level plus 10 dB. The
number of “scale-out” animals is indicated in each figure. In control mice, the thresholds were
higher than previous reports, in particular at high frequency, which could be due to our ABR

system setup.



O©CoO~NOOTA~AWNE

Hematoxylin and eosin (H&E) staining and quantification of SGN numbers

Mice were intraperitoneally injected with PBS or DT (50 pg/kg) at P7. At P21 or P56, mice
were anesthetized and perfused with 4% paraformaldehyde (PFA) in 0.1 M phosphate buffer
(PB). Inner ears were dissected, post-fixed in the same fixative overnight at 4°C, and
decalcified in 0.1 M PB containing 10% ethylenediaminetetraacetic acid (EDTA) for several
days. The 5-um-thick paraffin sections were cut on a microtome, deparaffinized with xylene,
and then stained with H&E. After dehydration with an ascending ethanol series, sections were
cleared with xylene and mounted. The number of SGNs in the apical, middle and basal turn
were quantified and normalized to the spiral ganglion area. A total of 9 sections from 3 animals
(3 sections per animal) were analyzed at each time point. The interval of each section was at

least 30 um, and there was no possibility of double-counting the same cells.

Whole-mount tetranitro blue tetrazolium (TNBT) staining of the cochlea

Mice were intraperitoneally injected with PBS or DT (50 pg/kg) at P7 and HC numbers were
analyzed at P21. TNBT staining of cochlea was performed in accordance with a previous report
(Wang et al., 2011). Briefly, cochleae were dissected and incubated in a staining solution
containing sodium succinate and TNBT for 45 min at 37°C. After fixation with 10% formalin,
the bone was carefully removed from the apex using fine forceps, and images of the HC surface
were taken by a stereoscopic microscope M60 (Leica Microsystems, Wetzlar, Germany) at the
apical, middle, and basal turn. The number of IHCs and OHCs were quantified in each turn and

normalized to the length of the basilar membrane. Five animals were analyzed in total.

Scanning electron microscopy (SEM)
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Mice intraperitoneally injected with PBS or DT (50 pg/kg) at P7 were analyzed by SEM at P8,
10, 14, and 21. After decapitation, the inner ear was dissected and immediately immersed in a
fixative (30 mM HEPES, pH 7.4, 5% glutaraldehyde, 10% PFA, 100 mM NaCl, 2 mM CacCl,).
The cochleae were perfused with the fixative, post-fixed in the same fixative for 1 week, and
decalcified in 0.1 M PB (pH 6.6) containing 8% EDTA, 4% PFA, and 10% sucrose for at least 3
days. Then the cochleae were processed using the osmium tetroxide and thiocarbohydrazide
method (Hunter-Duvar, 1978). After dehydration with a critical point dryer (EM CPD300,
Leica Microsystems), images of the middle turn were taken by an electron microscope
(JSM-7610F, JEOL Ltd, Tokyo, Japan) with a magnification of 2,000 or 15,000x. At least

three animals were analyzed and representative images are shown.

Statistical analyses
Values are expressed as mean £ S.E.M. Data were analyzed using Student’s t-test, and P < 0.05

was considered statistically significant.
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RESULTS

Hearing impairment is observed in C57BL/6 WT mice treated with DT during the
juvenile period

We intraperitoneally injected DT into P7 C57BL/6 WT mice at a dose of 50 pug/kg. The same or
a greater dose was generally used to ablate DTR-expressing cells in the brain in vivo (Knowlton
et al., 2013; Parkhurst et al., 2013; Pedersen et al., 2013). Survival rates were nearly 100%, and
visible morphological or behavioral abnormalities were not observed after DT treatment.
However, severe hearing loss developed in the DT-treated mice at P21 (14 days after DT
administration) (Fig. 1A and B). ABR measurements, which recorded electrical signals evoked
from the brainstem by sound stimuli, demonstrated that ABR thresholds were significantly
greater in DT-treated mice at all frequencies. To examine the possibility that hearing
impairment was transient, the same mice were allowed to mature to adult (8W) and the ABR
test was repeated (Fig. 1C). Hearing loss was consistently observed in the adult mice,

suggesting that the hearing loss was permanent.

In several previous studies using DT, behavioral tests, such as fear conditioning and pre-pulse
inhibition that uses sound, were normal in DT-treated mice (Han et al., 2009; Xu et al., 2015).
Because those studies used adult mice, we hypothesized that DT-induced hearing loss might
depend on the developmental stage at DT administration. Therefore, we injected DT into
C57BL/6 mice at P14, P28, and adult (8W), and measured ABR at 14 or 15 days after injection
(Fig. 2). Similar or more severe hearing loss was also observed in P14-administrated mice (Fig.
2A). When we applied DT at P28, hearing levels slightly declined. However, the decreased

level was not statistically significant at all frequencies (Fig. 2B). The ABR threshold after DT

10
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administration at 8W showed comparable patterns with the vehicle-injected mice (Fig. 2C).
These results indicated that juvenile mice were more susceptible to damage, and suggested the
existence of a developmental time window in DT-induced hearing loss. For subsequent studies,

we analyzed WT mice that were administered DT at P7.

Loss of SGNs and HCs in DT-treated C57BL/6 mice

To investigate the cause of hearing loss, we first tested H&E staining on cochlear sections (Fig.
3A). C57BL/6 mice administrated DT at P7 were analyzed at P21 and 8W. We found that the
SGN density in DT-administrated mice was less in all turns of the cochlear, although no
statistical significance was detected in the apical turn at 8W (Fig. 3A and B). Concomitant loss
of IHCs and OHCs was evident in many sections in the DT-administrated group (Fig. 3A). To
confirm HC loss, we performed whole-mount staining of cochleae with TNBT, which labels
both IHCs and OHCs in C57BL/6 mice (Wang et al., 2011). In vehicle-injected cochlea of P21
mice, three lines of OHCs and a single line of IHCs were clearly identified; whereas in
DT-treated cochlea, discontinuous and disarrayed lines of IHCs and OHCs were observed (Fig.
3C). Statistical analysis demonstrated a significant decrease in the number of IHCs and OHCs
in the apical, middle, and basal turn of the DT-administrated group (Fig. 3D). To further analyze
HC loss, we performed SEM on the middle turn at P21, revealing significant loss of IHCs and
OHCs, while the surviving cells exhibited relatively normal hair morphology in the DT-treated
mice (Fig. 3E). Results from these histological studies suggested that SGN and HC loss might

cause hearing impairment.

Time-course study of HC degeneration in C57BL/6 mice

11
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Because HC loss was apparent in P21 C57BL/6 mice administrated with DT at P7, we observed
the degeneration process of HCs in the middle turn by SEM between P7 and P21 (Fig. 4). The
HC number and morphology were normal, and there was no sign of degeneration at P8 (Fig.
4A—F). However, at P10 (Fig. 4G—L), IHCs were significantly degenerated in the DT-treated
mice (Fig. 4G, H, J and K). Additionally, several OHCs exhibited degenerative features with
disordered hair as indicated by an arrowhead (Fig. 4G, I, J and L). At P14, many OHCs and
IHCs were degenerated in the DT-treated mice (Fig. 4M-R), and the overall image was
comparable to that of P21 (Fig. 3E). These results suggested that IHCs quickly degenerated,
and a significant number of OHCs gradually degenerated, suggesting that IHCs were more

susceptive to DT toxicity than OHCs.

DT ototoxicity in CBA/J mice

Up to this point, we had only analyzed C57BL/6 mice (Fig. 1-4). However, C57BL/6 mice
have a homozygous mutation in the cadherin 23 gene, causing severe age-related hearing loss
owing to HC degeneration (Noben-Trauth et al., 2003). This suggested the possibility that the
ototoxic effect of DT in C57BL/6 mice is a result of accelerated age-related HC degeneration.
Therefore, we examined the CBA/J strain (Fig. 5), which does not have the genetic mutation
and is highly resistant to age-related hearing loss (Willott, 1986; Ohlemiller et al., 2010). The
CBA/J WT mice received the same dose of DT (50 pg/kg) at P7, and we subsequently evaluated
hearing ability at P21 by ABR measurements (Fig. 5A). Results showed that DT administration
also induced hearing impairment at P21, although the severity was less than in C57BL/6 mice at
lower frequencies (Fig. 1 and 2). SEM images of the middle turn at P21 showed significant

degeneration of both IHCs and OHCs (Fig. 5B), suggesting that DT ototoxicity was not due to

12
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an increased susceptibility to age-related HC loss in C57BL/6 mice.

13
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DISCUSSION

Results from this study demonstrated that HCs and SGNs of C57BL/6 mice are susceptible to
DT exposure particularly during the juvenile period. Administration of DT (50 pg/kg, i.p.)
caused HC and SGN degeneration in juvenile mice (Fig. 3 and 4), resulting in permanent
hearing loss (Fig. 1). IHC degeneration occurred quicker and was more severe than in the
OHCs (Fig. 3C-E and 4). HCs are assumed to support SGN survival by secreting neurotrophic
factors (Schecterson and Bothwell, 1994; Rubel and Fritzsch, 2002), and a recent study
reported that HC degeneration leads to SGN loss in neonatal mice (Tong et al., 2015).
Furthermore, our histological results showed that SGN degeneration was milder even at 8W,
while HC degeneration was more severe (Fig. 3). Taken together, it is likely that SGN

degeneration is due to HC loss.

Because the DTR knock-in mouse strain, which we initially used, was bred onto the C57BL/6
background, we analyzed the side effect of DT in C57BL/6 mice (Fig. 1-4). The C57BL/6 mice
develop severe age-related hearing loss due to a homozygous mutation in the cadherin 23 gene
(Noben-Trauth et al., 2003). Therefore, we analyzed CBA/J mice (Fig. 5), which do not carry
the genetic mutation (Noben-Trauth et al., 2003). Although CBA/J mice do not develop
age-related hearing loss at least until 1 year of age (Ohlemiller et al., 2010), significant hearing
loss (Fig. 5A) and HC degeneration (Fig. 5B) also occurred in the juvenile CBA/J mice within
14 days after DT administration, suggesting that the C57BL/6 phenotype was not due to
accelerated age-related hearing loss (Fig. 5). All of the present data were collected from male
mice (Fig. 1-5). However, we also examined female littermates of C57BL/6 mice in our

preliminary experiment, and ABR measurements consistently showed hearing loss after DT

14
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administration during the juvenile period (data not shown). These results suggested that DT

ototoxicity could be a general side effect in mice.

Two recent papers have shown selective IHC degeneration after systemic DT administration in
WT mice (Song et al., 2015; Tong et al., 2015), although these studies only reported the
phenomenon and did not address the details. Song et al. intraperitoneally administrated DT (50
pg/kg, 3 times) into CBA/CaJ WT mice at 5W, showing a significant loss of IHCs, but intact
OHCs (Song et al., 2015). We administrated DT (50 pg/kg, once) into C57BL/6 mice, which
resulted in no statistically significant differences in ABR thresholds at P28 (4W) and thereafter
(Fig. 2B and C). However, the threshold at P28 exhibited an increased tendency in the
DT-treated group (Fig. 2B). The total DT dose used in the Song et al. study was three times
higher than in our study, which could explain the HC degeneration observed at 5W in their
study. Additionally, the critical periods were slightly different between the strains. Tong et al.
also showed that only a small number of IHCs degenerated after intramuscular administration
of DT (25 pg/kg) into CBA/JWT mice at P21-P42 (Tong et al., 2015). The dose was half of the
dose used in the present study, and the timing of administration overlapped the critical period in
C57BL/6 mice (Fig. 2); these results were largely consistent with ours. In the same paper,
however, results from the neonatal mice were inconsistent (Tong et al., 2015); both OHCs and
IHCs were unaffected by intramuscular administration of DT (4 pg/kg) at P2. This discrepancy
was possibly caused by the DT dose. They used a very low dose for the P2 mice, which could
account for a lack of ototoxicity. Similarly, three additional studies reported that low-dose DT
resulted in no changes in HC morphology in the WT mice (Mahrt et al., 2013; Cox et al., 2014;

Kurioka et al., 2016). Although the DT dose could be a critical determinant of the phenotype, as

15
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previously discussed, a recent study reported conflicting results (Hu et al., 2016); they
intraperitoneally administrated DT (100 ng three times) into C57BL/6 WT mice at P1.
Although the higher dose (approximately 4 times higher than ours in total) was used in the Hu
et al. study, the HCs remained intact at 3 days after injection. Because HC degeneration onset
was between 1 and 3 days after DT administration in our experiment (Fig. 4), ototoxicity might

not have been observed when they analyzed HC morphology.

In a DT-induced ablation system using DTR (human HB-EGF) transgenic or knock-in mice, the
initial binding of DT to exogenously expressed human HB-EGF is essential, because DT is
assumed to have a very low affinity for mouse HB-EGF (Mitamura et al., 1995; Cha et al.,
1998). Although it remains unclear why DT induces HC loss, several possibilities can be raised.
Given that DT directly binds to and kills HCs, a binding partner is necessary. Results from the
present study indicate that DT is toxic to mouse HCs in a human HB-EGF non-mediated
manner. Therefore, it is likely that another receptor, which has a higher affinity to DT and is
expressed by HCs, exists. To examine the possibility of direct binding of DT to HCs, we
preliminarily attempted to utilize a previously described organ culture system (data not shown)
(Parker et al., 2010). We isolated the organ of Corti from P7 mice, and cultured the organ with
high concentrations of DT. The number of HCs remained unchanged between control and
DT-treated groups, even after 7 days in vitro, suggesting that DT may not directly bind to

receptors on HCs. Thus, HC degeneration may be due to an indirect effect of DT.

Some possibilities should be considered with regard to an indirect effect of DT. Because an

impaired endolymphatic system, for instance, causes HC degeneration and occurs in Meniere’s

16
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disease (Nakashima et al., 2016), it is possible that DT may damage the stria vascularis (SV)
where the endolymph is produced (Patuzzi, 2011). However, we did not observe any SV
damages in our preliminary experiments (data not shown). We examined the integrity of the
blood-endolymph barrier in the SV at P10 using a transcardial injection of Evans blue dye,
which is known to leak after barrier disruption (Zhang et al., 2012). However, we did not detect
any extravasation of dye. Furthermore, the number and morphology of perivascular
macrophages, which are in close contact with capillaries within the SV and become activated
along with blood-endolymph barrier dysfunction (Zhang et al., 2013; Zhang et al., 2015),
remained unchanged after DT treatment. Thus, SV damage is unlikely. Another possibility is
that changes in peripheral organs may affect HCs and cause secondary degeneration. We
systemically injected DT in this study, which could induce some unexpected side effects in
peripheral organs. Some previous studies reported lethality (Bonventre et al., 1973; Goldwich
et al., 2012; Christiaansen et al., 2014), weight loss (Meyer Zu Horste et al., 2010; Goldwich et
al., 2012; Christiaansen et al., 2014), proteinuria (Goldwich et al., 2012), and lung
inflammation (Chapman and Georas, 2013) as side effects of DT although molecular
mechanisms underlying these phenotypes were unknown. These organ disorders and/or
systemic disorders may affect HCs. DT ototoxicity was significant at P7 and P14 (Fig. 1 and 2),
when the cochlea matures toward the onset of hearing by remodeling structures and changing
gene expressions (Mikaelian and Ruben, 1965; Rubel and Fay, 2012; Walters and Zuo, 2013).

DT could greatly affect HCs undergoing maturation in an indirect manner.

In conclusion, HCs are vulnerable cells that can be damaged by aging, environmental stress,

infection, some ototoxic drugs, and also unknown factors (Furness, 2015). DT toxicity on HCs

17
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should be taken into consideration, and exploring the mechanisms is crucial for preventing HC
loss. The existence of a critical period in DT toxicity may provide clues to address this issue. In
addition, the present results demonstrate that phenotypes in otic or sound-associated behaviors

should be interpreted with caution when researchers use the DT-DTR system in juvenile mice.

18
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FIGURE LEGENDS

Fig. 1. Permanent hearing loss in C57BL/6 mice administrated with DT at P7.

(A) Representative ABR waveforms at 0, 20, 40, 60, and 80 db SPL of 12 kHz sound in P21. No
waveform was observed under 60 dB SPL in DT-administrated mice. (B) ABR threshold of 4,
12, 20, and 32 kHz sounds at P21 (PBS: n = 4; DT: n =5). #: number of scale-out animals. *P <
0.05, **P < 0.001; two-tailed unpaired Student’s t-test. (C) ABR threshold of 4, 12, 20, and 32
kHz sounds at 8W (PBS: n = 4; DT: n =5). The same animals used in B were allowed to mature
to 8W and analyzed. #: number of scale-out animals. *P < 0.05, **P < 0.001; two-tailed

unpaired Student’s t-test.

Fig. 2. Juvenile C57BL/6 mice are vulnerable to DT.

ABR threshold of 4, 12, 20, and 32 kHz sounds at 14 or 15 days after PBS and DT
administration. (A) Administration at P14 and analysis at P28 (PBS: n=5; DT: n =5). #:
number of scale-out animals. *P < 0.05, **P < 0.001; two-tailed unpaired Student’s t-test. (B)
Administration at P28 and analysis at P43 (PBS: n = 5; DT: n = 5). No significance was
observed at all frequencies. (C) Administration at 8W and analysis at 10W (14 days later) (PBS:

n=15; DT: n =5). No significance was observed at all frequencies.

Fig. 3. Degeneration of SGNs and HCs after DT administration at P7 in C57BL/6 mice.
(A) Sections of the cochlear middle turn with H&E staining at P21 and 8W. Insets show higher
magnifications of the organ of Corti. An arrow and an arrowhead indicate IHC and OHC,
respectively. Scale bar = 100 um and 30 pm (insets). (B) Density of SGNs in the apical, middle

and basal turn at P21 and 8W (n = 3). Values show mean + S.E.M. *P < 0.05, **P < 0.005;
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two-tailed unpaired Student’s t-test. (C) Whole-mount TNBT staining of HCs in the apical,
middle and basal turn at P21. Scale bar = 50 um (D) Number of IHCs and OHCs in apical,
middle, and basal turn of cochlea at P21 (n = 5). Values show mean £ S.E.M. *P < 0.05, **P <
0.001; two-tailed unpaired Student’s t-test. (E) IHC and OHC degeneration in the middle turn

determined by SEM. Arrows show degenerated HCs. Scale bar = 10 um.

Fig. 4. Time-course of HC degeneration in the middle turn of C57BL/6 mice.

Mice administered with PBS (A-C, G-I and M-0) and DT (D-F, J-L and P-R) at P7 were
analyzed by SEM at P8 (A-F), P10 (G-L) and P14 (M-R). Areas indicated by red squares
were shown as higher magnification images. Higher magnification of IHCs: B, E, H, K, N and
Q. Higher magnification of OHCs: C, F, I, L, O and R. Arrows show degenerated HCs. An
arrowhead in J (shown in L as a high magnification image) shows a putative degenerating cell.

Scale bar =10 ym (A, D, G,J,MandP)and2um (B,C,E, F, H, I, K, L, N, O, Q and R).

Fig. 5. DT ototoxicity in juvenile CBA/J mice.

CBA/J mice administered PBS and DT at P7 were analyzed at P21. (A) ABR threshold of 4, 12,
20, and 32 kHz sounds (PBS: n = 4; DT: n = 5). Note that there were no scale-out animals in
contrast to Fig. 1. *P < 0.05, **P < 0.001; two-tailed unpaired Student’s t-test. (B) IHC and
OHC degeneration in the middle turn as determined by SEM. Arrows show degenerated HCs.

Scale bar = 10 pm.
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