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Mannitol Protects Hair Cells Against Tumor Necrosis Factor a-Induced Loss.

Bas Infante E, Channer GA, Telischi FF, Gupta C, Dinh JT, Vu L, Eshraghi AA, Van De Water TR.

Cochlear Implant Research Program, University of Miami Ear Institute, Miami, Florida, U.S.A.

Abstract

HYPOTHESIS: Mannitol has otoprotective effects against tumor necrosis factor (TNF) a-induced auditory hair cell (HC)
loss.

BACKGROUND: Mannitol has been demonstrated to possess cytoprotective effects in several organ systems. lIts
protective effect on post ischemic hearing loss has also been shown. Mannitol's otoprotective mechanism and site of
action are at present unknown.

MATERIALS AND METHODS: Organ of Corti (OC) explants were dissected from 3 day-old rat pups. The safety
(nonototoxicity) of mannitol was assessed at 4 different concentrations (1-100 mM). Three experimental arms were
designed including: a control group, TNFa group, and TNFa + mannitol group. Cell viability was determined by counts
of fluorescein isothiocyanate (FITC) phalloidin stained HC. Immunofluorescence assay of phospho-c-Jun and the
proapoptotic mediators, cleaved caspase-3, apoptosis inducing factor (AIF), and endonuclease G (Endo G) were
performed.

RESULTS: Analysis of HC density confirmed the safety of mannitol at concentration ranges of 1 to 100 mM. The
ototoxic effect of TNFa was demonstrated (p < 0.05). The otoprotective effect of 100 mM mannitol in
TNFa-challenged OC explants was also demonstrated (p < 0.001). Mannitol treatment reduced the high levels of
phospho-c-Jun observed in the TNFa-challenged group. AIF cluster formation and EndoG translocation into the nuclei
of HCs were also reduced by mannitol treatment.

CONCLUSION: Mannitol significantly reduces the ototoxic effects of TNFa against auditory HC's potentially by
inhibiting c-Jun N terminal kinase (JNK) activation pathway and AIF, EndoG nuclear translocation. This local
otoprotective effect may have therapeutic implications in inner ear surgery, for example, cochlear implants,
protection of residual hearing, as well as implications for post ischemic inner ear insults.
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FIG. 2. Otoprotective effect of mannitol in TNF « -challenged organ
of Corti explants. A, Basal turn HCs stained with FITC phalloidin, HC
stereociliary bundles stain fluorescent green. Bars = 20 um. B, Total
HC counts in the apex, middle, and basal turns of the control, TNF
a, and TNF « +mannitol. All values are mean 15D. *p < 0.05; ***p <
0.001.

FIG. 1. Cell viability assay. Total HC counts in the apex, middle, and
basal turns for the control and mannitol at 4 different
concentrations. All values are mean #5D; ns indicates not significant.
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FIG. 4. Nuclear translocation of Endo G from mitochondria in the
control, TNF a., TNF @ +mannitol, and mannitol. HCs stereocilia
were stained with FITC phalloidin (green, not shown).

Mitochondria were stained with Mitotracker orange, and nuclei of

HCs were stained with DAPI (blue). EndoG was stained with
anti-EndoG-Alexa 633 (red). Hair cell nuclei (blue) of TNF «
exposed explants show increased levels of immunostain directly
over these nuclei indicating intranuclear presence of Endo G (red)
and this pattern of immunolabeling is reduced in the TNF o +
Mannitol specimens. Images were obtained from explant basal
turns. Bars =20 um.

FIG. 5. Migration of AIF from mitochondria to the perinucleus in the
control, TNF ., TNF @ +mannitol, and mannitol. HC stereocilia were
stained with FITC phalloidin (green, not shown). Mitochondria were
stained with Mitotracker orange, and nuclei of HCs were stained with
DAPI (blue). AIF was stained with anti-AlF-Alexa 633 (red). The pattern
of immunolabel (red) distribution indicating the presence of AlF is

forming perinuclear clusters around the hair cell nuclei (blue) in the
TNF o specimens while the pattern of AIF labeling in the TNF « +

Mannitol explants is similar to that observed in the control specimens.

Images were obtained from explant basal turns. Bars = 20 um.
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FIG. 3. phospho-c-Jun immunofluorescence study. Comparison of phospho-c-Jun expression in the experimental
arms: control, TNF «, TNF a +mannitol, and mannitol. A, Microphotographs showing basal turn HCs stereocilia in
green, phospho-c-Jun in red, and nuclei in blue, both in HCs and supporting cells. Arrows in the supporting cell
images of TNFa and TNF « + Mannitol specimens indicate cells that immunostained (red) for the presence of
phospho-c-Jun. Bars = 20 um. B, Percentage of total HCs and supporting cells staining for phospho-c-Jun (arrows) in
the control, TNF «, TNF o +mannitol, and mannitol. All values are mean + SD. *p < 0.05; ***p < 0.001.
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