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Abstract  24 

Intratympanic gentamicin therapy is widely used clinically to treat the debilitating symptoms of 25 

Ménière’s disease. Cochleotoxicity is an undesirable potential side effect of the treatment and the 26 

risk of hearing loss increases proportionately with gentamicin concentration in the cochlea. It has 27 

recently been shown that gentamicin is readily absorbed through the oval window in guinea pigs. 28 

The present study uses quantitative functional measures of vestibular and cochlea function to 29 

investigate the efficacy of treating the vestibule by applying a small volume of gentamicin onto the 30 

stapes footplate in guinea pigs. Vestibular and cochlea function were assessed by recording short 31 

latency vestibular evoked potentials in response to linear head acceleration and changes in hearing 32 

threshold respectively, one and two weeks following treatment. Histopathology was analyzed in the 33 

crista ampullaris of the posterior semi-circular canal and utricular macula in the vestibule, and in 34 

the basal and second turns of the cochlea. In animals receiving gentamicin on the stapes footplate, 35 

vestibular responses were significantly suppressed by 72.7% two weeks after treatment with no 36 

significant loss of hearing. This suggests that the vestibule can be treated directly by applying 37 

gentamicin onto the stapes footplate.  38 

 39 

 40 

 41 
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1. Introduction 47 

It is well documented that the debilitating symptoms of vertigo experienced by Ménière’s disease 48 

(MD) sufferers can be reduced with intratympanic administration of aminoglycoside antibiotics. 49 

Direct injection with a small-gauge needle through an anesthetized eardrum is the preferred delivery 50 

method since the procedure can be performed quickly and inexpensively in a physician’s office. 51 

Furthermore there is no evidence that use of a tympanostomy tube, microcatheter, or other delivery 52 

device provides benefit over intratympanic administration (Carey, 2004). When injected into the 53 

middle ear, aminoglycoside is absorbed into inner ear fluid, gaining access to the sensory cells in 54 

both the vestibule and cochlea. Aminoglycosides are toxic to inner ear sensory cells. As a result, 55 

part of the vestibular system is destroyed, which in turn suppresses vertigo symptoms. However, 56 

since aminoglycosides are also cochleotoxic, patients can experience the undesirable side-effect of 57 

permanent unilateral hearing loss. Gentamicin has emerged as the preferred aminoglycoside used in 58 

MD treatment because it is substantially less cochleotoxic than other aminoglycosides such as 59 

streptomycin (Lange 1989). 60 

  61 

The degree of hearing loss associated with the treatment is directly related to the gentamicin 62 

concentration in the cochlea (Plontke et al., 2002; Salt et al., 2008). The dosages, timing, and 63 

method of gentamicin therapy used previously, as well as the endpoints selected to curtail therapy, 64 

differ greatly (Chia et al, 2004; Salt et al., 2008; McCall et al., 2010). Present gentamicin dosage 65 

protocols are empirically based, developed over many years during numerous clinical studies in 66 

which a sufficient dosage to adequately suppress vestibular symptoms or vestibular sensitivity was 67 

balanced against the degree of hearing loss caused by the treatment. The large variation in dosage 68 

protocols in previous clinical studies makes a comparison of patient outcomes difficult. However, 69 
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the reported risk of additional hearing loss associated with intratympanic gentamicin treatment is 70 

approximately 21%, with a range of 0-37% (Diamond et al., 2003; Carey, 2004). 71 

 72 

It has been widely accepted that gentamicin applied intratympanically enters the round window 73 

membrane (RWM) (Smith & Myers, 1979; Goycoolea, 2001; Becvarovski et al., 2002) then spreads 74 

locally from scala tympani (ST) to scala vestibuli (SV)/vestibule through the interstitial spaces of 75 

the spiral ligament (Plontke et al., 2002). The preferential effects on vestibular function, rather than 76 

hearing, were assumed to be due to a greater gentamicin sensitivity of vestibular hair cells than 77 

cochlear hair cells (Aran et al, 1995; Nakashima et al., 2000). However, in a previous study (King 78 

et al., 2013), we found that the oval window (OW) was permeable to gentamicin in guinea pigs 79 

suggesting an alternative route for gentamicin to enter the vestibule. We observed that shifts in 80 

hearing threshold (8-32 kHz) and morphological changes in vestibular hair cells in the utricle were 81 

more influenced by gentamicin entry through the OW than the RWM.  82 

 83 

The focus of the present study is to investigate the efficacy of treating the vestibule directly by 84 

applying a small volume of low concentration gentamicin solution onto the stapes footplate only. 85 

Changes in hearing threshold and cellular morphology were analyzed to assess cochleotoxicity.   86 

 87 

To assess vestibular function quantitatively, short latency vestibular evoked potentials (VsEP) were 88 

recorded in response to linear head acceleration pulses, pre-treatment and one and two weeks after 89 

treatment.  90 

 91 



 5 

2.  Materials and Methods 92 

2.1. Animal Preparation 93 

The study was approved by the Royal Victorian Eye and Ear Hospital (Melbourne, Australia) 94 

Animal Ethics Committee (Ethics Approval 13/287AB & 13/276AB).  Fourteen tri-colour adult 95 

guinea pigs of either sex, weighing between 622-740g, were used in the study and randomly 96 

assigned to a treatment group. The animals were anaesthetized with Ketamine (Troy Laboratories 97 

Pty Ltd, Australia; 60 mg/kg) and Xylazil-20 (Troy Laboratories Pty Ltd, Australia; 4 mg/kg) 98 

administered intramuscularly. Anesthesia was monitored during the experiment using pedal and 99 

ocular reflexes and supplemented as necessary with 67% of the initial dose. 1 ml of Lignocaine-20 100 

(Troy Laboratories Pty Ltd, Australia) was administered subcutaneously to the surgical sites prior to 101 

making the incisions. Temgesic (Reckitt Benckiser; 0.05 mg/kg) and Baytril (Bayer AG; 20 mg/kg) 102 

were administered sub-cutaneously following surgery for analgesia and infection control 103 

respectively.     104 

 105 

2.2. Surgical Procedure 106 

A 3 cm surgical incision was made along the midline of the cranium to expose the cranial bone. 107 

After the periosteum was removed with a scalpel blade, a stainless steel bolt was cemented upside 108 

down to the skull near bregma using dental cement (Paladur, Heraeus Kulzer). The wound was 109 

sutured closed around the bolt and the bolt remained in place for the duration of the two-week 110 

experiment. 111 

 112 

Using a dorsolateral posterior-auricular surgical approach, the facial nerve canal was exposed. In 113 

the same ear, the bulla was opened using a scalpel blade to expose the round window niche. A small 114 
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section of bony shelf overlying the stapes footplate was removed with a 0.3mm 90o pic (Kaisers) to 115 

expose the stapes footplate.  116 

 117 

A wire recording electrode (175 µm diameter 90/10 Platinum/Iridium (Pt/Ir) Teflon coated wire 118 

with the end exposed) was inserted 6 mm into the facial nerve canal and cemented to nearby bone 119 

to hold the electrode in place for the duration of the experiment. An electrical connector was 120 

connected to the electrode during recordings. At the first curvature, the facial nerve is separated 121 

from the vestibulocochlear nerve (VIIIth cranial nerve) by a thin bony partition, enabling potentials 122 

to be recorded within close proximity to the nerve without mechanically damaging it (Bohmer 123 

1995; Bohmer et al., 1995; Oei et al., 2001; Kingma &Wit, 2010; Bremer et al., 2012; Chihara et 124 

al., 2013).   125 

 126 

2.3. Vestibular evoked potentials 127 

All physiological recordings were taken in a sound-treated electrically shielded room with the 128 

contralateral ear occluded with an ear mould compound (Otoform, Dreve Germany) to attenuate 129 

hearing. Animals were held in position using a custom-made bite bar and nose clamp during the 130 

recordings. 131 

 132 

To accelerate the head, a B71 audiometric bone-conductor (Radioear Corp., USA) was attached to 133 

the bolt cemented to the skull. To monitor head acceleration, a tri-axial accelerometer (Dimension 134 

Engineering, USA) was mounted onto a metal platform that was connected to the bolt. After 135 

connection to the animal, but before each set of VsEP recordings, the system was calibrated to 136 

produce graded vertical head accelerations of 1-8 g for each animal. The bone-conductor was 137 
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controlled by computer-generated stimuli using a data acquisition system (National Instruments 138 

USB-6366 X series DAQ, Igor Pro, Wavemetrics). The stimuli consisted of 1 ms pulses of 139 

alternating polarity to minimize electromagnetic induced artifact. Measurements were averaged 140 

over 100 repetitions, delivered at a rate of 20 Hz, sampled at a rate of 100 kHz, with 2 repeats. 141 

Forward noise-masking (80 dB SPL) was presented to the ipsilateral ear via a speaker 0.1 m from 142 

the pinna to suppress acoustic responses to the vibration stimuli.  143 

 144 

VsEP responses were recorded differentially (ISO-80 Bio-Amplifier, World Precision Instruments) 145 

from the Pt/Ir wire electrode in the facial nerve canal using a connector clipped to the recording 146 

electrode, and a 250 µm diameter Pt/Ir reference electrode placed in neck musculature. A 147 

subcutaneous ground electrode was placed further caudally in the thigh.  148 

 149 

Vestibular function was assessed by peak-to-peak amplitude measurements of the first N1-P1 wave 150 

of the VsEP waveform. Initial baseline recordings were taken prior to treatment (T=0). Recordings 151 

were taken again one week (T=1) and two weeks (T=2) after treatment.  For each animal, the N1-P1 152 

amplitudes in the T=1, 2 week recordings were individually normalized to the initial pre-treatment 153 

T=0 recording to assess changes in vestibular function. Post-mortem VsEP recordings were taken in 154 

some animals to ensure artifact suppression techniques were adequate.  155 

 156 

2.4. Acoustically evoked potentials  157 

Computer generated acoustic stimuli (5 ms tone pips with 1 ms rise/fall times at frequencies 2, 8, 158 

16, 24 and 32 kHz) were delivered free-field from a loudspeaker (4” Vifa XT25TG30–04) placed 159 

0.1 m from the ipsilateral pinna. Stimulus intensity was attenuated in 5 dB steps between 80-10 dB 160 
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SPL. Acoustically evoked potentials (AEP) were recorded using the same methods as the VsEP 161 

recordings and auditory function was assessed by changes in hearing threshold.  162 

 163 

2.5 Gentamicin delivery 164 

Following the initial physiological recordings, 1 µL of 5 mg/ml solution of gentamicin sulfate 165 

(G3632, Sigma Aldrich Australia) in phosphate buffered saline (PBS) (n=5) or 1 µL of PBS (n=5) 166 

was administered onto the stapes footplate. The solution was delivered using a 5 µL Hamilton 167 

syringe fitted with a fine custom-made cannula, connected to a syringe driver 168 

(Micro4TMMicrosyringe Pump, World Precision Instruments, USA). Delivery was visually 169 

confirmed to not contact the RWM. The wound was sutured closed with the animal left in position 170 

for 30 minutes and allowed to recover.  171 

 172 

Animals were carefully monitored during recovery for signs of jaw function impediment or distress 173 

caused by the wire electrode located in the facial nerve canal. One and two weeks after treatment, 174 

animals were anesthetized for AEP and VsEP recordings. Following the final two-week AEP and 175 

VsEP recordings, animals were euthanized with an intraperitoneal injection of 0.5mg/kg Lethabarb 176 

(Virbac Pty Ltd, Australia), perfused and the inner ears removed for histological analysis. 177 

 178 

2.6. Histology  179 

Animals were perfused by an intracardiac injection of heparinsed isotonic saline followed by 4% 180 

paraformaldehyde (PFA) solution (Sigma Aldrich, Australia). Both inner ears were removed and 181 

fixed in 4% PFA overnight. All subsequent histological processing and analysis was done blinded 182 

to the treatment group. Cochleae were cut with a bone saw in a parallel plane to the RWM and 183 
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decalcified in 10% (w/v) ethylenediaminetetraacetic acid (Sigma Aldrich, Australia) for up to 6 184 

weeks. Specimens were cryoprotected in graded sucrose solutions (10-30%), embedded in O.C.T 185 

(Tissue-tek) and frozen at -80oC. Sections of 10 µm thickness were taken every 60 µm, mounted on 186 

a glass slide, stained with Harris Hematoxylin solution (Sigma Adrich, Australia) and Eosin Y 187 

solution (Sigma Aldrich, Australia), and cover slipped. Digital images of the vestibular end organs 188 

and cochlea regions of interest were taken using a 20x objective (Axio Imager 2 upright 189 

microscope, Carl Zeiss) and Axio Vision software (version 4.2.8, Carl Zeiss) for histological 190 

analysis.  191 

 192 

2.6. Histopathology 193 

The same morphological criteria described in a previous study (King et al., 2013) were used to 194 

identify and quantify vestibular hair cells and supporting cells. Briefly, type I hair cells (HCs) were 195 

identified by flask-shaped cell bodies surrounded by an afferent nerve calyx, a spherical nucleus 196 

with heterogeneous chromatin, a stereocilia bundle, and a cuticular plate (Lindeman, 1969; 197 

Merchant, 1999). These were distinguished from type II HCs, which were identified by a cylindrical 198 

shape, an ovoid nucleus with homogenous chromatin, superficial spatial location in the sensory 199 

epithelium, stereocilia bundle, cuticular plate, and the absence of a nerve calyx surrounding the cell 200 

body. Type I HCs were manually counted in three consecutive mid-sections of utriculi macula, and 201 

the crista ampullaris in the posterior semi-circular canal. In cases where the morphology appeared 202 

abnormal, if a spherical nucleus was present with evidence of a nerve calyx surrounding the 203 

nucleus, it was counted as a type I HC regardless of whether a stereociliary bundle was present or 204 

not.  205 

 206 
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Inner hair cells (IHCs) and outer hair cells (OHCs) in the lower and upper regions of the basal turn 207 

of the cochlea were counted. IHC and OHC were identified by the presence of a cell nucleus and 208 

were counted in three consecutive mid-modiolar sections, each separated by 60 µm. All cell counts 209 

were averaged across the three consecutive sections. To eliminate observer bias, all histological 210 

sections were assessed in a blinded manner using consistent morphological criteria.  211 

 212 

2.8. Statistical Analysis 213 

Change in N1-P1 VsEP amplitude, normalized percentage of N1-P1 amplitude remaining and 214 

change in hearing threshold across treatment groups were individually subjected to one-way 215 

ANOVA analysis at each time point. Cell counts in each region of interest across groups were 216 

subjected to one-way ANOVA analysis. Effect sizes and pairwise multiple comparisons were 217 

evaluated post hoc using the Holm-Sidak test. When homogeneity as tested by the Shapiro-Wilk 218 

method failed, Kruskal-Wallis ANOVA on ranks was performed. Differences were considered 219 

statistically significant when p<0.05. Statistical calculations were performed using Sigmaplot V 220 

13.0 (Systat Software Inc.).  221 

 222 

3. Results 223 

3.1. Short latency vestibular evoked potentials 224 

Typical examples of VsEP recordings from each group are shown in Figure 1 and the average 225 

change in VsEP amplitude over time for each group is shown in Figure 2. For each animal, the N1-226 

P1 amplitude at T=1, 2 weeks was compared to its pre-treatment N1-P1 amplitude. There was no 227 

significant difference in N1-P1 amplitude between the groups before the treatment (T=0). N1-P1 228 

amplitude decreased in both groups one week after treatment, suggesting that the surgical procedure 229 
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itself affected vestibular function that had not resolved by that time. The difference between the 230 

gentamicin treated group (56.46%, SEM 14.73 of pre-treatment N1-P1 amplitude, n=5) and control 231 

group (46.24%, SEM 6.73 of pre-treatment N1-P1 amplitude, n=5) at T=1 week was not significant. 232 

At two weeks after treatment, vestibular function improved in the control group (97.27%, SEM 8.38 233 

of pre-treatment N1-P1 amplitude, n=5), but continued to decline in the gentamicin treated group 234 

(27.34%, SEM 24.31 of pre-treatment N1-P1 amplitude, n=5), suggesting the losses were due to 235 

gentamicin-induced vestibulotoxicity. The difference between the groups was significant at T=2 236 

weeks (p=0.026, F1,8 = 7.388, df 1, ANOVA).  237 

 238 

3.2. Acoustically Evoked Potentials 239 

There were no significant differences in AEP threshold between the gentamicin treated animals and 240 

saline controls in the initial baseline (T=0) recordings or T=2 week recordings; however, the 241 

differences at T=1 week were statistically significant at 2 kHz (p=0.022, F1,8 = 8.556, df 1, 242 

ANOVA) and 24 kHz (p=0.003, F1,8 = 18.778, df 1, ANOVA) (Figure 3). The differences between 243 

groups (T=1 week) at 8 kHz (p=0.266, F1,8 = 1.464, df 1, ANOVA), 16 kHz (p=0.075, F1,8 = 4.365, 244 

df 1, ANOVA) and 32 kHz (p=0.068, F1,8 = 4.667, df 1, ANOVA) were not statistically significant.  245 

There were no significant differences measured over time (T=0, 1, 2 weeks) within the gentamicin 246 

group. The statistically significant increase in AEP thresholds observed in the control group at T=1 247 

week may have been related to the surgical procedure itself which had not resolved by that time. 248 

Importantly, the elevated hearing threshold was temporary and had recovered by T=2 weeks. 249 

 250 
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3.3. Vestibular Morphology 251 

Typical examples of vestibular morphology in Haematoxylin and Eosin stained sections from the 252 

crista ampullaris and utricle from each treatment group are shown in Figure 4. During the analysis, 253 

it was observed that several animals had abnormal type 1 hair cells where the nerve calyx was 254 

distorted, the spatial localization of the nucleus was closer to the cuticular plate (making the 255 

distinction between type I and type II difficult at times), the afferent nerve branch was thin or 256 

discontinuous, and there was reduced or absent stereociliary bundles (see Figure 4Cii-Dii). In these 257 

cases, a type I HC was recorded when a spherical nucleus was present within an evident nerve calyx 258 

(distorted or not) regardless of whether if appeared normal or not or a stereociliary bundle was 259 

present or not. After unblinding of the histological analysis, it was evident that only gentamicin 260 

treated animals exhibiting abnormal morphology (see Figure 4 C-D); however, it is worth noting 261 

that not all animals treated with gentamicin exhibited abnormal morphology.  262 

 263 

Type I HCs were counted in three consecutive mid-sections of crista ampullaris in the posterior 264 

semi-circular canal and utricle for both treatment groups as shown in Figure 5. The counts were 265 

individually normalized to area and averaged. The density of type I HCs in both the crista 266 

ampullaris (gentamicin on stapes, n=4; controls, n=4) and utricle (gentamicin on stapes, n=5; 267 

controls, n=5) were lower in the group receiving gentamicin on the stapes footplate compared to the 268 

control group two weeks after treatment, however this did not reach statistical significance.  269 

 270 

3.4. Cochlear Morphology 271 

Typical examples of cellular morphology from each treatment group are shown in Figure 6. Inner 272 

and outer hair cells were counted in the lower and upper region of the basal turn in three 273 
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consecutive mid-modiolar sections for each treatment group (T=2 weeks following treatment) as 274 

shown in Figure 7. The number of IHCs and OHCs present in the basal turn were lower in the group 275 

that received gentamicin on the stapes footplate, however this did not reach statistical significance.  276 

 277 

4. Discussion 278 

Two weeks after a small volume (1 μL) of gentamicin solution (5 mg/mL) was applied directly onto 279 

the stapes footplate in guinea pigs, there was a significant loss of 72.66% of N1-P1 VsEP amplitude 280 

in response to an 8 g vertical head acceleration without significant shifts in hearing threshold. This 281 

is the first study using quantitative functional measures to show that vestibular function can be 282 

suppressed by applying gentamicin exclusively onto the OW in guinea pigs. 283 

 284 

Despite a dramatic reduction in vestibular function following gentamicin treatment, there was no 285 

significant reduction in the number of type I HCs. However, abnormal morphology of putative type 286 

I HCs was observed in animals that had been treated with gentamicin, but not saline treated control 287 

animals. The most parsimonious explanation therefore is that these abnormalities were caused by 288 

gentamicin toxicity. Furthermore, since there is evidence of stereocilia reduction, calyceal 289 

distortion, and thinner/absent afferent nerve branches in these gentamicin treated animals, it is 290 

likely that many of these putative type I HCs were non-functional. This would explain why the 291 

vestibular HC counts do not reflect the reduction in VsEP amplitude observed.  292 

 293 

Initial baseline recordings were far noisier than both sets of recordings after treatment in all 294 

animals. Presumably, the noise drops after treatment from a reduction in cochlear microphonics 295 

and/or spontaneous VIIIth nerve activity and stabilization of the electrode within the nerve. 296 
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Importantly, the 2-weeks post treatment recording exhibit a similar level of background noise, with 297 

the saline treated animals exhibiting a robust VsEP, while the VsEP in the gentamicin treated 298 

animals was small or absent. 299 

 300 

There was a temporary elevation in AEP threshold and reduction in N1-P1 amplitude in the saline 301 

treated controls at 1 week post treatment. However, both hearing and vestibular function returned to 302 

baseline two weeks after treatment, suggesting that the surgical procedure itself may have affected 303 

both hearing and vestibular function in these animals. Temporary threshold shifts observed after 304 

acoustic over exposure exhibit a similar time course whereby full recovery can take 2 weeks to 305 

occur (Kujawa et al., 2009). 306 

 307 

Cochleotoxicity is an undesirable potential side effect of intratympanic gentamicin therapy and the 308 

risk of hearing loss increases proportionately with gentamicin dosage (concentration, volume and 309 

administration time) (Plontke et al., 2002; Salt et al., 2008). When a large volume of gentamicin is 310 

injected through the tympanic membrane, it is in contact with and absorbed by both the RWM and 311 

OW. Attempts have been made to deliver gentamicin more specifically to the vestibule by 312 

surgically occluding the RWM with connective tissue before intratympanic injection; however a 313 

significant number of patients (27%) still experienced hearing loss (Quaranta et al., 1999). 314 

Applying a small volume of gentamicin solution directly onto the OW reduces the likelihood of 315 

gentamicin absorption through the RWM compared with conventional intratympanic delivery. This 316 

may in turn lower the gentamicin concentration in the cochlea, resulting in improved hearing 317 

outcomes compared to intratympanic delivery.  318 

 319 
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In the current study, we also optimized our targeting of the OW by removal of a small section of the 320 

bony shelf obstructing the stapes footplate and careful positioning of the animal to locate the stapes 321 

footplate physically below the RWM. Using a micromanipulator, the fine cannula was carefully 322 

advanced into the space where the section of bony shelf was removed, advanced past the side of the 323 

cochlea and positioned just above the stapes footplate (below the RWM). However, improved 324 

targeting of the OW does not eliminate the risk of hearing loss altogether. Following OW 325 

absorption, passive diffusion occurs from vestibule/scala vestibuli perilymph to scala tympani 326 

through semi-permeable tissues. In previous studies (King et al., 2013; King et al., 2015 327 

unpublished), we observed statistically significant hearing losses in the groups that received high 328 

dosages of gentamicin (3 μL of 337 mg/mL, 2 μL of 40 mg/mL respectively) on the OW compared 329 

to the groups receiving the same dosage on the RWM. This suggests that either the rate of drug 330 

elimination is higher from scala tympani in the cochlea following RWM entry or that gentamicin is 331 

absorbed more readily through the OW than the RWM. By reducing the gentamicin concentration 332 

in the current study to 2 μL of 5 mg/mL, we were able to significantly suppress vestibular function 333 

by 72.66% without significantly increasing AEP thresholds.  334 

 335 

There are anatomical differences in the stapediovestibular joint between species, however this is not 336 

expected to be a major factor influencing drug permeability of the OW. For instance, the guinea pig 337 

stapediovestibular joint comprises hyaline cartilage on the articulating surfaces of the stapes 338 

footplate rim and OW frame, a fluidic articular cavity, and epithelial membranes overlying the 339 

structure (middle ear mucosa) (Tanaka & Motomura, 1981). In humans, the stapes is attached to the 340 

perimeter of the OW by an annular ligament (Merchant & Nadol, 2010). Without tight junctions 341 

present, substances would be expected to readily pass through this ligament. This has been 342 
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demonstrated in Magnetic Resonance Imaging (MRI) studies where gadolinium readily penetrated 343 

the OW in guinea pigs (King et al., 2011), rats and humans (Zou et al., 2005).  344 

 345 

Other factors may influence OW absorption such as the presence of endolymphatic hydrops. A 346 

recent MRI study in humans showed the distribution of an MRI contrast agent was compromised in 347 

two patients with endolymphatic hydrops (Shi et al., 2014), from which it was concluded that OW 348 

absorption was reduced by the presence of endolymphatic hydrops. Vestibular hydrops can cause 349 

the otoliths to lie against the stapes footplate and there is often fibrosis connecting the stapes to the 350 

membranous labyrinth in MD sufferers (Schuknecht, 1993; Wackym et al., 1994; Nadol, 1977), 351 

which may impede drug entry through the OW. Additionally, if MD involves a chronic immune 352 

pathology, as is a commonly held theory, it is plausible that the permeability of the blood-labyrinth 353 

barrier, and clearance of molecules from the ear to blood may be higher in MD ears (Hirose et al., 354 

2014; Floc’h et al., 2014). It is not presently clear if clearance rates are abnormal in MD ears, but it 355 

should be taken into consideration, along with pharmacokinetics, when delivering drugs to the OW 356 

or RWM for the treatment of MD.  357 
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Figure Legends: 452 

Figure 1 453 

Typical vestibular evoked potentials (VsEP) recorded with an electrode inserted into the facial 454 

nerve canal in guinea pigs from each treatment group at baseline (before saline/gentamicin) and 455 

T=1, 2 weeks after treatment. Simultaneous acoustic masking with 80 dB SPL noise was delivered 456 

to the ipsilateral ear. Arrow indicates onset of 8g head acceleration. Each trace is composed of two 457 

repeated recordings that are represented as black and grey traces.  458 

 459 

Figure 2 460 

Change in short latency vestibular evoked potentials (VsEP) following gentamicin (T=1 week, n=5; 461 

T=2 weeks, n=5) or saline (T=1 week, n=4; T=2 weeks, n=5) application on the stapes footplate, 462 

expressed as a percentage of initial (T=0) N1-P1 amplitude (individually normalized). Vestibular 463 

function decreased in both groups at T=1 week. At T=2 weeks, function improved in the control 464 

group but continued to decline in the gentamicin treated group. The difference between the 465 

treatment groups at T=2 weeks was stat. sig. (indicated by *). Bars indicate SEM. 466 

 467 

Figure 3 468 

Acoustically Evoked Potential (AEP) thresholds at 5 stimulus frequencies measured A) before 469 

treatment (T=0), B) one week and C) two weeks following gentamicin or saline administration on 470 

the stapes footplate. Bars indicate SEM. There were no significant differences in threshold observed 471 

between the groups at any time point, or within the gentamicin group over time.  472 

 473 
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Figure 4 474 

Typical examples of gentamicin-induced morphological changes in vestibular hair cells in the crista 475 

ampullaris of the posterior semi-circular canal (A, C) and utricle (B, D) in Haematoxylin and Eosin 476 

stained sections, two weeks following treatment. Low power magnification: 20x objective (Ai-Di). 477 

High power magnification: 100x objective (Aii-Dii). All scale bars = 20 μm. Ai-Bi) Crista 478 

ampullaris and utricle respectively following saline administration to the stapes footplate. The 479 

majority of type 1 hair cells (marked I) exhibited normal morphological appearance characterised 480 

by flask-shaped cell bodies surrounded by a nerve calyx (chalice) and stereocilia bundle. Ci-Di) 481 

Crista ampullaris and utricle respectively following gentamicin administration on the stapes 482 

footplate. Extensive damage was caused to type 1 hair cells characterised by calyceal distortion, 483 

nuclei migration toward the cuticular plate and reduced stereocilia bundles. Aii-Dii) Higher 484 

magnifications of the outlined areas shown in Ai-Di respectively.  485 

 486 

Figure 5   487 

Type 1 hair cell counts (individually normalized to area and expressed as cell density) in the crista 488 

ampullaris (CA) of the posterior semi-circular canal and utricle (U) following gentamicin (CA: n=4; 489 

U: n=5) or saline (CA: n=4; U: n=5) administration on the stapes footplate. Hair cell density 490 

decreased in both regions in the group receiving gentamicin on the stapes compared to controls, 491 

however this did not reach statistical significance. Bars indicate SEM. 492 

 493 
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Figure 6 494 

Typical examples of hair cell morphology in the basal turn of the cochlea 2 weeks following 495 

treatment shown in Haematoxylin and Eosin stained sections. 40x magnification, scale bars = 20 496 

μm. A) Gentamicin applied to the stapes footplate. B) Saline applied to the stapes footplate. 497 

  498 

Figure 7 499 

Effects of gentamicin on cochlear hair cells in the basal turn. A) Number of inner hair cells present 500 

two weeks following treatment (gentamicin on stapes: lower basal (n=4), upper basal (n=3); saline 501 

on stapes: lower basal (n=4), upper basal (n=4)). B) Number of Outer hair cells (gentamicin on 502 

stapes: lower basal (n=4), upper basal (n=3); saline on stapes: lower basal (n=4), upper basal (n=4)). 503 

Hair cell counts were averaged over three consecutive sections, each spaced 60 μm apart. The 504 

number of surviving inner and outer hair cells present in the lower and upper basal turn was lower 505 

in the group that received gentamicin on the stapes footplate, however the differences were not 506 

statistically significant. Error bars indicate SEM.  507 


	2016 - King et al - Gentamicin applied oval window.pdf
	2.2. Surgical Procedure
	2.3. Vestibular evoked potentials
	2.6. Histology
	2.8. Statistical Analysis


