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Abstract  24 

Background: Due to their anti-inflammatory action, corticosteroids are the reference 25 

treatment for brain injuries and many inflammatory diseases. However, the benefits of 26 

acute corticotherapy are now being questioned, particularly in the case of acute 27 

peripheral vestibulopathies (APV), characterized by a vestibular syndrome composed 28 

of sustained spinning vertigo, spontaneous ocular nystagmus and oscillopsia, 29 

perceptual-cognitive, posturo-locomotor, and vegetative disorders. We assessed the 30 

effectiveness of acute corticotherapy, and the functional role of acute inflammation 31 

observed after sudden unilateral vestibular loss.  32 

Methods: We used the rodent model of unilateral vestibular neurectomy, mimicking the 33 

syndrome observed in patients with APV. We treated the animals during the acute 34 

phase of the vestibular syndrome, either with placebo or methylprednisolone, an anti-35 

inflammatory corticosteroid. We used both cellular and behavioral approaches with 2-36 

way ANOVA statistical analysis to evaluate the consequences of an acute anti-37 

inflammatory treatment on post-lesional plasticity and functional recovery.  38 

Results: We show here, for the first time, that acute anti-inflammatory treatment alters 39 

the expression of the adaptive plasticity mechanisms in the deafferented vestibular 40 

nuclei and generates enhanced and prolonged vestibular and postural deficits.  41 

Conclusions: These results strongly suggest a beneficial role for acute endogenous 42 

neuroinflammation in vestibular compensation. They open the way to a change in 43 

dogma for the treatment and therapeutic management of vestibular patients. 44 

 45 

Keywords: vestibular compensation; inflammation; corticosteroids; acute peripheral 46 

vestibulopathies.  47 

 48 
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1. Introduction 49 

Neuroinflammation is a cellular and molecular complex process, supporting the brain’s 50 

response to various aggressions such as injury, infection or stress. In the central 51 

nervous system (CNS), it systematically involves microglial cells, resident brain 52 

macrophages, and astrocytes. Two types of inflammatory states must be 53 

distinguished, based on the intensity and duration of the insult. Acute 54 

neuroinflammation is the brain’s immediate response. As a transient, self-regulated 55 

reaction, it is thought to play a neuroprotective role by facilitating tissue repair and post-56 

lesional recovery. Conversely, chronic inflammation is a self-propagating and  long-57 

lasting reaction (Cherry et al., 2014) caused by a persistent stress (Streit et al., 2004), 58 

or  dysregulations of the acute inflammatory resolution process (Sochocka et al., 2017). 59 

Chronic inflammation has deleterious consequences leading to neurodegeneration 60 

and is associated with CNS disorders.  61 

The harmful impact of chronic inflammation on brain tissues have led to the 62 

administration of anti-inflammatory compounds in patients from the acute phase. Due 63 

to their anti-inflammatory action, corticosteroids have been the reference treatment for 64 

brain injuries and many inflammatory diseases for many years (Bracken et al., 1984; 65 

Fehlings et al., 2014; Hurlbert, 2000; Paragliola et al., 2017). However, the benefits of 66 

this treatment are now questioned since it does not appear to improve patients’ 67 

recovery  (Hurlbert, 2000; Russo and McGavern, 2016).  68 

This is also the case for patients suffering acute peripheral vestibulopathies (APV). 69 

APV is characterized by violent, debilitating rotatory vertigo, nystagmus and 70 

cyclotorsion, during the acute phase (Strupp et al., 2019; Strupp and Brandt, 2009a), 71 

along with various perceptual-cognitive, vegetative and posturo-locomotor disorders 72 

constituting the so-called vestibular syndrome (Bronstein and Dieterich, 2019; Uffer 73 
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and Hegemann, 2016). Although the underlying cause has not yet been identified, the 74 

involvement of an inflammatory process has recently been proposed (Kassner et al., 75 

2011), consistent with the standard corticosteroid treatment (Strupp et al., 2013; Strupp 76 

and Brandt, 2009b; Walker, 2009). However, it was recently shown that this therapeutic 77 

protocol does not significantly improve patients' functional recovery (Bronstein and 78 

Dieterich, 2019; Fishman et al., 2011; Goudakos et al., 2010; Shupak et al., 2008; Yoo 79 

et al., 2017). This suggests that the acute neuroinflammation process may play an 80 

important role in vestibular post-lesional recovery. 81 

Among all unilateral vestibular deafferentation (UVD) models to study AVP, we focused 82 

on unilateral vestibular neurectomy (UVN), consisting in the section of one of the two 83 

vestibular nerves (Lacour and Xerri, 1980; Li et al., 1995; Péricat et al., 2017; Simon 84 

et al., 2020). UVN reproduces the human vestibular syndrome,  which is thought to 85 

originate from an electrophysiological asymmetry between the ipsi- (weak activity) and 86 

contra-lesional (strong activity) vestibular nuclei (VNs) (Dutia, 2010; Mccabe and Ryu, 87 

1969; Precht et al., 1966). With time, the progressive and spontaneous restoration of 88 

the electrophysiological balance between the ipsi- and contra-lesional VNs supports 89 

the functional recovery that accompanies the disappearance of the vestibular 90 

syndrome (Darlington and Smith, 2000; Lacour and Tighilet, 2010; Smith and 91 

Curthoys, 1989). This vestibular compensation is supported by the expression of 92 

several plasticity mechanisms in the deafferented vestibular environment (Figure 1), 93 

such as changes in membrane excitability (Beraneck et al., 2003; Dutheil et al., 2016), 94 

release of neurotrophic factors (Dutheil et al., 2016), and reactive neurogliogenesis 95 

(Dutheil et al., 2009; Rastoldo, 2021; Tighilet et al., 2007).  96 

UVN is also known to cause a neuroinflammatory reaction by inducing astroglial 97 

(Dutheil et al., 2011, 2009; Rastoldo et al., 2021) and microglial (Dutheil et al., 2016; 98 
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Rastoldo et al., 2021) responses, which are associated with the expression of two key 99 

inflammatory factors in the deafferented VNs : the tumor necrosis factor-alpha (TNF-100 

alpha) and the nuclear factor-kappa B  (NF-kB) (Liberge et al., 2010). UVN also 101 

activates the hypothalamo-pituitary-adrenal (HPA) axis (Tighilet et al., 2009; Saman et 102 

al., 2012) leading to a strong release of anti-inflammatory endogenous corticosteroids 103 

(EC) in the deafferented VNs (Tighilet et al., 2009), thus confirming UVN-induced 104 

neuroinflammatory process.  105 

The aim of this study is to assess the functional role of the acute neuroinflammation 106 

process in functional recovery after UVN. To do so, we investigated the effects induced 107 

by pharmacological blockade of acute inflammation following UVN on the expression 108 

of the plasticity mechanisms observed in the deafferented VNs, as well as on the 109 

kinetics of vestibular compensation in the adult rodent. 110 

 111 

2. Materials & Methods 112 

2.1 Animals & Ethical statements 113 

This study was performed on 61 adult Long Evans female rats weighing between 250 114 

and 350 g. All experiments were performed in accordance with the National Institutes 115 

of Health’s Guide for Care and Use of Laboratory Animals (NIH Publication no. 80-23) 116 

revised in 1996 for the UK Animals (Scientific Procedures) Act of 1986 and associated 117 

guidelines or the Policy on Ethics approved by the Society for Neuroscience in 118 

November 1989 and amended in November 1993 and under veterinary and National 119 

Ethical Committee supervision (French Agriculture Ministry Authorization: B13-055-120 

25). The present study was specifically approved by Neurosciences Ethics Committee 121 

N°71 of the French National Committee of animal experimentation. Every effort was 122 

made to minimize both the number and the suffering of animals used in this 123 
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experiment. Rats had free access to food and water and were housed with a littermate 124 

in an enriched environment under a constant 12h light. 125 

2.2 Study design 126 

To determine the role of the acute inflammatory process in vestibular compensation, 127 

we used an anti-inflammatory compound, methylprednisolone (10mg/kg), 128 

administrated intraperitoneally (i.p) immediately after the UVN and during the acute 129 

phase (first 3 days (d) after the lesion). We observed the effects of this treatment at 130 

both cellular and behavioral levels (Figure 2). To do so, we randomly divided the 131 

animals into 3 groups: a sham group (n=21), submitted to the same surgical approach 132 

as UVN without sectioning the nerve; a UVN+placebo group (n=21), lesioned and 133 

treated with NaCl 0.9%; and a UVN+methylprednisolone (UVN+met) group (n=19), 134 

lesioned and treated with methylprednisolone. For each group, 4 animals were 135 

sacrificed at the end of the acute phase (d3) and 4 animals at the end of the behavioral 136 

study (d30) for cellular investigations. At the cellular level, we looked for changes in 137 

plasticity markers in the deafferented VNs at 3 and 30 days after the lesion. At the 138 

behavioral level, we measured the kinetics of the vestibular compensation using 139 

different behavioral assessments performed at different time points after the lesion.  140 

2.3 Unilateral vestibular neurectomy (UVN) 141 

We used the model of left unilateral vestibular neurectomy in the adult rat (Péricat et 142 

al., 2017) consisting in sectioning the left vestibular nerve. Animals were anesthetized 143 

with isoflurane (4%) 30 minutes after a subcutaneous injection of buprenorphine 144 

(Buprecare®; 0.02 mg/kg). The animals were intubated, and the anaesthesia was 145 

maintained during the surgery with isoflurane (3%). To access the left vestibular nerve, 146 

we used the tympanic bulla approach (see Péricat et al., 2017 for details) to access 147 

the vestibulocochlear nerve through the tympanic bulla and through the cochlea. The 148 
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left vestibular nerve was then sectioned at a post-ganglion level, close to the brainstem. 149 

For the sham group (n=22), the surgery was limited to the perforation of the tympanic 150 

bulla. Before awakening, the animals were injected subcutaneously with a solution of 151 

Ringer Lactate (Virbac; 10 ml/kg) to alleviate the dehydration resulting from the 152 

surgery. The success of the UVN (n= 44) was attested by the immediate appearance 153 

of a characteristic vestibular syndrome composed of postural, locomotor and 154 

oculomotor deficits (Péricat et al.,2017). 155 

2.4 Pharmacological treatments 156 

The pharmacological treatments were administrated once per day during three days 157 

after the UVN, corresponding to the acute phase of the vestibular syndrome in rodents 158 

(Péricat et al., 2017). The UVN+placebo group was administrated with NaCl 0.9% 159 

(2ml/kg) while the UVN+met group was treated with methylprednisolone (Solu-160 

médrol®, 10mg/kg), a corticosteroid classically used in vestibular patients (Fishman et 161 

al., 2011; Goudakos et al., 2014, 2010; Strupp et al., 2013; Yoo et al., 2017). 162 

2.5 Cellular investigations 163 

2.5.1 Tissue preparation 164 

The animals received an i.p injection of 5-Bromo-2'-deoxyuridine (BrdU: 200mg/kg) 165 

dissolved in NaCl 0.9% 3 days after the lesion and were sacrificed either at 3 (n=4 per 166 

group) or 30 days after the lesion (n=4 per group). The rats were deeply anesthetized 167 

with a mixture of ketamine (Imalgène 1000®, 60mg/kg) and medetomidine 168 

(Domitor®0.25mg/kg) for intracardiac perfusion. First, an intracardiac injection of 169 

400ml of isotonic saline (0.9% NaCl) was performed, followed by an injection of 400ml 170 

of freshly prepared solution (4% paraformaldehyde (PFA) and in 0.1 M phosphate 171 

buffer (PB), pH 7.4). At the end of the perfusion, brains were extracted and post-fixed 172 

overnight at 4°C in PFA 4% solution. Brains were then rinsed and cryoprotected by 173 
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successive baths into sucrose solutions at increasing concentrations (10%, 20%, 30% 174 

of D-saccharose in 0.1M PB each for 24h at 4°C). Brains were then frozen with CO2 175 

gas and cut into serial 40µm frontal sections with a cryostat (Leica) for 176 

immunochemistry. 177 

2.5.2 Immunohistochemistry 178 

Immunochemical labeling was performed according to previously validated protocols 179 

(Dutheil et al., 2016, 2013; Rastoldo et al., 2021; Tighilet et al., 2007). For BrdU 180 

immunohistochemistry, sections were incubated with a BrdU antibody (1:100, Dako, 181 

M0744). Cell proliferation was analysed by a i.p injection of BrdU. Animals were then 182 

sacrificed either 3 days (d3) or 30 days (d30) after the injection to assess short-term 183 

cell proliferation and long-term survival of the proliferative cells, respectively. The low 184 

doses administered to animals were enough to mark the cells in the S-phase of the cell 185 

cycle  (Dutheil et al., 2011; Tighilet et al., 2007). For glucocorticoid receptor (GR) 186 

immunohistochemistry, we used a GR antibody (1:300, ThermoFisher, PA1-511A). For 187 

glial cells immunohistochemistry, we used a microglial marker, ionized calcium-binding 188 

adapter molecule 1 (IBA1) (1:2000, Wako, Cat#019-19741), and an astrocytic marker, 189 

glial fibrillary acidic protein (GFAP) (1:200, Dako, Z033401-2). For potassium–chloride 190 

cotransporter 2 (KCC2) immunohistochemistry, sections were incubated with a KCC2 191 

antibody (1:200, Merck, 07-432). For each section, we used DAPI (1:5000, Merck, 192 

D9542) incubation to mark the nucleus. To visualize the primary antibodies, we used 193 

the following secondary antibodies for immunostaining: goat anti-rabbit conjugated 194 

with Alexa Fluor 488 (1:500, Invitrogen, A11008) and goat anti-mouse IgG conjugated 195 

with Alexa Fluor 594 (1:500, Invitrogen, A11005).  196 

2.5.3 Cell counting methods and quantification of KCC2 immunoreactivity  197 
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Cell counts were performed according to previously validated protocols (Dutheil et al., 198 

2016, 2011, 2009; Rastoldo et al., 2021). All cellular investigations were performed in 199 

the left VNs at 3 and 30 days after left UVN or sham surgery. The recognition, 200 

localization and delimitation of the VNs of the brainstem was performed on cresyl 201 

violet-stained sections based on Paxinos and Watson's stereotaxic atlas (Paxinos and 202 

Watson, 2009). For quantification, 1 in 10 serial sections was used starting from the 203 

beginning  (-9.84 mm relative to the bregma) to the end of the VNs (-13.08 mm relative 204 

to bregma (Paxinos and Watson, 2009)). Ten sequential sections of the deafferented 205 

(left) VNs were assessed. Immunoreactive (ir) cells were analysed using confocal 206 

imaging with a Zeiss LM 710 NLO laser scanning microscope equipped with a 63X/1.32 207 

BA oil immersion lens. Numbers of IBA1-, GFAP-, GR- and BrdU- ir cells were counted 208 

using an integrated microscopic counting chamber that delineated the region of interest 209 

by a square of 425.10mm2. The average cell counts from 10±2 sections were used for 210 

statistical analysis. For GR quantification, we calculated the percentage of GR/DAPI 211 

ir-cells among GR-ir cells to assess for GR nuclear localization. For BrdU 212 

quantification, we calculated the percentage of BrdU ir-cells persisting at d30 to assess 213 

the survival of the proliferative cells observed at d3.  214 

The quantification of the KCC2 immunolabeling was performed according to a 215 

previously published protocol (Tighilet et al., 2016) using a custom program written in 216 

Matlab® (TheMathworks, Inc.). Briefly, the program allows analysis of the fluorescence 217 

at the plasma membrane of neurons. The background was assessed by calculating 218 

the average fluorescence in a visually selected area devoid of neurons or any other 219 

stained structure. From this region, a threshold was then derived, equal to the average 220 

immunofluorescence plus three times the standard deviation. All data were then 221 

subtracted from this threshold and only positive values were conserved for further 222 
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analysis. A region of interest was drawn around the neuronal plasma membrane of 223 

each cell body. The program calculated the average fluorescence within the region of 224 

interest over data that were 20% above the maximum values. This thresholding insured 225 

that all pixels taken for calculating the average were part of the plasma membrane and 226 

that the same criterion was used for all slices in all conditions.  227 

2.5.4 Cellular data statistical analysis  228 

To avoid any bias, the cellular analysis was performed under blind conditions. For each 229 

cellular marker, the results are expressed as mean ± standard error mean (SEM). We 230 

performed a two-way ANOVA to test the impact of the post-operative time and the 231 

impact of the group on the expression of the cellular markers, followed by post hoc 232 

Tukey's multiple comparisons analysis. Results were considered significant at p<0.05.  233 

2.6 Behavioral investigations 234 

For each behavioral investigation, acquisitions were performed before the surgery 235 

(preop) and at different time-points (days) during the post-operative time (d1, d2, d3, 236 

d7, d14, d21, and d30) to assess, for each group, the intensity of the vestibular 237 

syndrome and the kinetics of the vestibular compensation.  238 

2.6.1 Qualitative assessment of the vestibular syndrome 239 

We assessed the intensity of the vestibular syndrome and its kinetic by using a 240 

cumulative qualitative scale listing typical postural, locomotor and oculomotor deficits 241 

classically induced by UVN. Each behavioral symptom corresponds to a score on the 242 

qualitative scale (tumbling: 5; retropulsion: 4; circling: 3; bobbing: 2; head-tilt: 1). The 243 

score corresponds to the sum of the different symptoms, reflecting the severity of the 244 

vestibular syndrome and the alteration of the vestibular function (see Péricat et al., 245 

2017 for details). 246 

2.6.2 Support surface measurement after Tail Suspension Test (TST) 247 
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Vestibular function plays a crucial part in postural stability and posture-related 248 

responses according to behavioral context (McCall et al., 2017). We assessed the 249 

postural stability after UVN by measuring the support surface (i.e., the area between 250 

the four paws of the animal), a well-known indicator used in various models of 251 

vestibular loss (Dutheil et al., 2016; Liberge et al., 2010; Marouane et al., 2020; Tighilet 252 

et al., 2015). To address directly the vestibular function, we realized performed the tail 253 

suspension test (TST) by holding the animal by the tail and subjecting it to vertical 254 

traction over a height of about 50 cm. Sudden vertical acceleration of the animal 255 

activates the remaining vestibular receptors, reactivating the vestibular syndrome while 256 

drastically reducing tactile and proprioceptive inputs (Cassel et al., 2018; Tighilet et al., 257 

2017), leaving the effectiveness of the vestibulo-spinal reflex principally under the 258 

control of the vestibular function. The animals were placed in an open field and a 259 

picture was taken each time the animal landed after the TST test. The support surface 260 

was calculated in cm2, using an image analysis system developed on Matlab®. For 261 

each animal, ten repeated measurements were taken and averaged before the 262 

operation (preop) and at each post-operative time-point starting from d3. All the 263 

measurements were normalized so that each animal acted as its own control. To do 264 

so, for each rat, we used the preop value as the baseline (referenced as 1 for each rat) 265 

and we compared each value measured during the post-operative time to the baseline 266 

to visualize the changes of the support surface.  267 

 268 

2.6.3 Quantitative assessment of postural function  269 

We used the second version of the dynamic weight-bearing device (DWB2®) to 270 

assess) and quantify the postural function of rats after UVN, under ecological 271 

conditions (for details see (Marouane et al., 2020; Tighilet et al., 2017). The animals 272 
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were individually placed in this device and moved freely for 5min. The apparatus allows 273 

quantification of the support forces of each part of the animal's body.  274 

We analysed the weight distribution of the animals along the lateral axis, previously 275 

described as a significant indicator of postural balance (Marouane et al., 2020; Tighilet 276 

et al., 2017). It is represented in this study as the laterality index, corresponding to the 277 

difference in weight distributed between the right and left paws. We also used the 278 

DWB2® device to measure the rearing time (i.e., time spent on the two hind paws), 279 

considered as a significant indicator of the animal’s ability to stand, reflecting its 280 

postural balance control (Tighilet et al., 2017). This apparatus enabled us to quantify a 281 

typical behaviour of a unilateral vestibular loss, ipsilesional circling, defined as fast 282 

rotations of the animal toward the lesioned side (Marouane et al., 2020; Péricat et al., 283 

2017). The circling behaviour was assessed by counting the number of fast laps 284 

performed during an acquisition.  285 

We also extracted posturographic parameters at the pre-operative time point and two 286 

post-operative time points: d3, corresponding to the acute phase of the vestibular 287 

syndrome, and d30, corresponding to the compensated phase of the vestibular 288 

syndrome. For the following parameters, data were normalized according to pre-289 

operative values so that each rat acted as its own control:  290 

- the average time spent by the animals with their abdomen on the ground 291 

sensors, during static and dynamic periods, which has been described and 292 

validated as a postural strategy during the acute phase after UVN (Marouane et 293 

al., 2020). This parameter, expressed in grams, was normalized according to 294 

pre-operative values by subtracting the pre-operative value to each post-295 

lesional value measured during the post-operative time.  296 
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- the mean position of the barycenter which was calculated using the coordinates 297 

of each paw and their respective support forces (cf. equations (Equ) 3 and 4). 298 

The position of the barycenter was calculated at each period when the animal 299 

was stationary and on its four paws. 300 

Equ (3)                            𝐵𝑎𝑟𝑥 = 𝐹𝐿𝑥∗𝐹𝐿𝑤+𝐹𝑅𝑥∗𝐹𝑅𝑤+𝑅𝐿𝑥∗𝑅𝐿𝑤+𝑅𝑅𝑥∗𝑅𝑅𝑤𝐹𝐿𝑤+𝐹𝑅𝑤+𝑅𝐿𝑤+𝑅𝑅𝑤  301 

 302 

Equ (4)                            𝐵𝑎𝑟𝑦 = 𝐹𝐿𝑦∗𝐹𝐿𝑤+𝐹𝑅𝑦∗𝐹𝑅𝑤+𝑅𝐿𝑦∗𝑅𝐿𝑤+𝑅𝑅𝑦∗𝑅𝑅𝑤𝐹𝐿𝑤+𝐹𝑅𝑤+𝑅𝐿𝑤+𝑅𝑅𝑤  303 

 304 

Based on the coordinates of the rat’s barycenter over time, we were able to trace the 305 

statokinesigram for each acquisition. Statokinesigrams show the trajectories in 2D of 306 

the barycenter and the center of gravity of each paw every time the calculation is 307 

performed, when rats were static and on their four paws. An average weighted by the 308 

duration of each of these moments is then established for each acquisition.  309 

- We extracted the mean lateral position of the barycenter (in centimeters (cm)) 310 

that we normalized according to pre-operative values by subtracting the pre-311 

operative value from each post-operative value measured during the post-312 

operative time.  313 

- To analyse the stability of the barycenter, we measured its maximum lateral 314 

deviation (maximum value of Bary minus minimum value of Bary) used here as 315 

an indicator of lateral instability. We also measured barycenter inertia, a 316 

measure of the barycenter positions’ dispersion during the acquisitions, 317 

reflecting postural stability. For both parameters, data were normalized as a 318 

ratio according to pre-operative values. 319 
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These acquisition methods have been recently published and validated for this 320 

rodent model of vestibulopathy by our group (Marouane et al., 2020). 321 

 322 

2.6.4 Quantitative assessment of the posturo-locomotor activity  323 

We assessed the posturo-locomotor activity of the animals under ecological conditions 324 

by measuring different parameters known to be affected by UVN in rats (see (Rastoldo 325 

et al., 2020) for details). At the beginning of the session, rats were placed individually 326 

in the center of an open field (80x80x40cm) for 10 minutes and tracked with Ethovision 327 

TM XT 14 software (Noldus). We measured the total distance moved (cm), the mean 328 

velocity (cm/s) and the mean acceleration (cm/s2) to assess the locomotor activity. 329 

These locomotor parameters were normalized by dividing each value measured during 330 

the post-operative time by the baseline (i.e., the value in the pre-operative time) to 331 

visualize the progression of the parameters. We also measured a postural variable, 332 

the mean body torsion defined as the angle between the nose and the tail of the rat 333 

during the acquisitions (expressed in degrees, positive values corresponding to torsion 334 

toward the left side and negative values to torsion toward the right side). This 335 

parameter was normalized for each rat by subtracting the baseline pre-operative value 336 

from the post-operative measures to visualize the increase or decrease of the 337 

parameter with time. These acquisition methods have been recently published and 338 

validated by our group (Rastoldo et al., 2020). 339 

 340 

2.6.5 Behavioral statistical analysis 341 

The results are expressed as mean + SEM. We performed a two-way repeated 342 

measures ANOVA ('group' and 'time' factors) to test the impact of the post-operative 343 

time and the impact of the group on the behavioral markers, followed by post hoc 344 
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analysis with Tukey's multiple comparisons test. Results were considered significant 345 

at p<0.05. 346 

 347 

3.Results 348 

3.1 Cellular results 349 

3.1.1 Acute anti-inflammatory treatment significantly reduces glial reactions in 350 

the deafferented medial vestibular nuclei (VNs)  351 

Immunohistochemistry investigation for the number of microglial cells using IBA1 352 

antibody showed a significant decrease after UVN and acute anti-inflammatory 353 

treatment (Figure.3A-B). Statistical analysis revealed a significant 'group' effect (two-354 

way ANOVA; 'group': F(2,67)=32.3, p<0.001). In the sham group, we observed a basal 355 

and persistent number of IBA1-ir cells) in the medial VNs. After UVN, there was a 356 

significant increase in the number of IBA1-ir cells in the deafferented medial VNs of 357 

the UVN+placebo group compared to the sham group at d3 (Tukey post-hoc; p<0.001), 358 

that persisted at d30 (Tukey post-hoc; p<0.05). Conversely, in the UVN+met group, no 359 

significant change was observed in the number of IBA1-ir cells compared to the sham 360 

group. Compared to the UVN+placebo group, the UVN+met group displayed a 361 

significantly lower number of IBA1-ir cells at d3 (Tukey post-hoc; p<0.001) and d30 362 

(Tukey post-hoc; p<0.01). 363 

Similarly, the number of astroglial cells, visualized with GFAP-ir cells, was reduced 364 

after UVN and acute anti-inflammatory treatment (Figure.3C-D). The statistical 365 

analysis revealed significant 'group' 'group x time' effects (two-way ANOVA; 'group': 366 

F(2,63)=43.1, p<0.001; 'group x time': F(2,63)=3.77, p<0.05; 'time': F(1,63)=2.87, 367 

p=0.09). The quantification of the GFAP-ir cells in the sham group revealed a stable 368 

and moderate number of immunoreactive cells over time. After UVN, there was a 369 
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significant increase in the number of GFAP-ir cells in the deafferented medial VNs of 370 

the UVN+placebo group compared to the sham group at d3 (Tukey post-hoc; p<0.001) 371 

persisting at d30 (Tukey post-hoc; p<0.01). As for IBA1-ir cells, we observed no 372 

significant changes in the number of GFAP-ir cells in the UVN+met group compared 373 

to the sham group. Compared with the UVN+placebo group, the UVN+met group 374 

showed a significant decrease in the number of GFAP-ir cells at d3 (Tukey post-hoc; 375 

p<0.001) persisting at d30 (Tukey post-hoc; p<0.05)  376 

 377 

3.1.2 Acute anti-inflammatory treatment significantly reduces GR nuclear 378 

localization in the medial VNs 3 days post-UVN 379 

Immunohistochemistry for GR nuclear localization, investigated through the 380 

percentage of GR/DAPI ir-cells, revealed a significant decrease after acute anti-381 

inflammatory treatment during the acute phase. (Figure.4A-B). Statistical analysis 382 

revealed a significant 'group' effect (two-way ANOVA; 'group': F (2,56) = 9.69, 383 

p<0.001). For the sham group, the percentage of GR/DAPI ir-cells in the medial VNs 384 

was stable over time. After UVN and placebo treatment, strong nuclear GR 385 

immunoreactivity was attested by the significant increase of GR/DAPI at d3 compared 386 

to the sham group (Tukey post-hoc; p<0.01), persisting at d30 (Tukey post-hoc; 387 

p<0.05). Conversely, we did not observe in the UVN+met group any significant 388 

differences in the number of GR/DAPI ir-cells compared to the sham group. Compared 389 

to the UVN+placebo group, the UVN+met group showed a significant decrease in the 390 

number of GR/DAPI ir-cells at d3 (Tukey post-hoc; p<0.05). 391 

 392 

3.1.3 Acute anti-inflammatory treatment alters proliferation and survival of new 393 

cells in the deafferented medial VNs  394 
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Investigations for cell proliferation and survival, analysed using BrdU antibody, 395 

revealed a significant decrease of cell proliferation and survival after acute anti-396 

inflammatory treatment (Figure 4C-D). Statistical analysis revealed significant 'time', 397 

'group' and 'group x time' effects (two-way ANOVA; 'time': F (1,45) = 6.95, p<0.05; 398 

'group': F (2,45) = 51.3, p<0.001; 'time x group': F (2,45) = 5.48, p<0.01).  399 

 In the sham group, we observed a very low rate of BrdU-ir cells. A strong and 400 

significant increase in the number of BrdU-ir cells was detected in the deafferented 401 

medial VNs for the UVN+placebo group compared to the sham group at d3 (Tukey 402 

post-hoc; p<0.001) and d30 (Tukey post-hoc; p<0.001), corresponding to 94.5% mean 403 

rate of survival. In the UVN+met group, we observed a significant increase of BrdU-ir 404 

cells at d3 compared to the sham group (Tukey post-hoc; p<0.05) but significantly 405 

lower compared to the UVN+placebo group (Tukey post-hoc; p<0.05). In addition, in 406 

the UVN+met group, we observed, at d30, a significantly lower number of BrdU-ir cells 407 

compared to the UVN+placebo group (Tukey post-hoc; p<0.001) corresponding to a 408 

mean survival rate of 10.34%. 409 

 410 

3.1.4 Acute anti-inflammatory treatment hinders the change in KCC2 expression 411 

in the lateral vestibular nuclei (VNs) 3 days post UVN.  412 

We studied changes in the expression of the cation-chloride cotransporter KCC2, the 413 

level of which at the membrane determines the action of GABA on the neuron 414 

membrane’s excitability. We focused our analysis on the giant neurons of the lateral 415 

VNs as they contain excitatory glutamatergic neurons involved in vestibulo-spinal 416 

pathways. We observed a significant increase of KCC2 expression after UVN and 417 

acute anti-inflammatory treatment during the acute phase (Figure 4E-F). Statistical 418 

analysis of KCC2 fluorescence intensity revealed significant 'time', 'group' and 'group 419 
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x time' effects (two-way ANOVA; 'time': F(1,177) = 19.9,p<0.001;  'group': F(3,177) = 420 

59.9, p<0.001; 'time x group': F(3,177) = 17.7, p<0.001). For the sham group a 421 

persistent mean of KCC2 fluorescence intensity was observed over time. A significant 422 

reduction in the mean KCC2 immunofluorescence intensity was observed in the 423 

UVN+placebo group compared to the sham group at d3 (Tukey post-hoc; p<0.001), no 424 

longer present 30 days after UVN. In the UVN+met group, a significant increase in the 425 

mean KCC2 fluorescence intensity was observed compared to the sham group at d3 426 

(Tukey post-hoc; p<0.01) persisting at d30 (Tukey post-hoc; p<0.05). Compared to the 427 

UVN+placebo group, the UVN+met group displayed a significantly greater mean KCC2 428 

fluorescence intensity at d3 (Tukey post-hoc; p<0.001). 429 

 430 

3.2 Behavioral results 431 

 432 

3.2.1 Acute anti-inflammatory treatment significantly increases the intensity of 433 

the vestibular syndrome after UVN 434 

The intensity and time course of the vestibular syndrome were analysed using a score 435 

on a qualitative scale, listing typical posturo-locomotor symptoms induced by UVN. We 436 

observed a significantly increased vestibular syndrome after UVN and acute anti-437 

inflammatory treatment (Figure 5A-B). Statistical analysis revealed significant 'time', 438 

'group' and 'time x group'’ effects (two-way repeated measures ANOVA, 'time': 439 

F(7,322)=78.4, p<0.001; 'group': F(2,46)=72, p<0.001; 'time x group': 440 

F(14,322)=21.5,p<0.001). We observed for the UVN+placebo group a characteristic 441 

kinetic pattern) (Marouane et al., 2020; Péricat et al., 2017; Tighilet et al., 2017), with  442 

an intense vestibular syndrome during the first three days after UVN, decreasing 443 

progressively over time but still significantly persistent compared to the sham at all time 444 
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points (Tukey post-hoc ; p<0.001 at all-times). In the UVN+met group the vestibular 445 

deficits were significantly greater compared to the UVN+placebo group at all time 446 

points from d3 (Tukey post-hoc; p<0.05) to d30 (Tukey post-hoc; p<0.05) indicating an 447 

intensified vestibular syndrome after acute anti-inflammatory treatment. 448 

 449 

3.2.2 Acute anti-inflammatory treatment significantly increases postural 450 

instability during vestibulo-spinal reflex reactivation after UVN 451 

To assess the postural stability after UVN, we analysed the support surface after tail 452 

suspension test (TST). In four-footed animals, vestibular syndrome leads to an 453 

increased support surface delimited by the four paw pads. This parameter provides a 454 

good estimation of postural instability after UVN since it displays the tonic asymmetry 455 

of extensor and flexor muscles of the anterior and posterior paws that results from 456 

vestibular deafferentation. In addition, this parameter is measured after TST, which 457 

enables us to appreciate the effectiveness of the vestibulo-spinal reflex under the 458 

control of vestibular function recovery. We observed a significant increase of postural 459 

instability after UVN and acute anti-inflammatory treatment (Figure 5C). Statistical 460 

analysis revealed significant 'time', 'group' and 'time x group' effects (two-way repeated 461 

measures ANOVA, 'time': F(5,145)=7.46, p<0.001; 'group': F(2,29)=24.5, p<0.001; 462 

'time x group': F(10,145)=11.1,p<0.001). For the sham group, we observed a 463 

significant diminution of the support surface over time (preop versus d30; Tukey post-464 

hoc; p<0.05), probably reflecting habituation to the test. Conversely, a significant 465 

increase of the support surface was observed in the UVN+placebo group compared to 466 

the sham group at d3 (Tukey post-hoc; p<0.01). This significant difference persisted 467 

until d21 (Tukey post-hoc; p<0.05) and was no longer present at d30. A significant 468 

increase of the support surface parameter was also observed in the UVN+met group 469 
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compared to the sham group from d3 (Tukey post-hoc; p<0.001) to d30 (Tukey post-470 

hoc; p<0.001). The enlargement of the support surface was significantly more 471 

pronounced in the UVN+met group compared the UVN+placebo group from d7 (Tukey 472 

post-hoc; p<0.001) to d30 (Tukey post-hoc; p<0.001), indicating enhanced and 473 

persistent postural instability in the UVN+met group over time.  474 

 475 

3.2.3 Effect of acute anti-inflammatory treatment on postural parameters 476 

analysed by the dynamic weight distribution device 477 

3.2.3.1 Weight distribution along the lateral axis  478 

To visualize the weight distribution along the lateral axis, we represented a weight 479 

laterality index corresponding to the weight distributed on the right paws minus the 480 

weight distributed on the left paws. We observed a significant increase of the weight 481 

distributed on the left paws after UVN for both UVN+placebo and UVN+met groups 482 

(Figure 6A). Statistical analysis revealed significant 'time', 'group' and 'time x group'’ 483 

effects (two-way repeated measures ANOVA, 'time': F(7,140)=10.8, p<0.001; 'group': 484 

F(2,20)=10.6, p<0.001; 'time x group': F(14,140)=2.39, p<0.01). As previously 485 

described (Marouane et al., 2020; Tighilet et al., 2017), a significant increase of the 486 

weight distribution on the left paws was observed in the UVN+placebo group compared 487 

with the sham group at d7 (Tukey post-hoc; p<0.05), still present at d30 (Tukey post-488 

hoc; p<0.01). In the UVN+met group, this increase appeared at d3 compared to the 489 

sham group (Tukey post-hoc; p<0.05) and increased over time until d30 (Tukey post-490 

hoc; p<0,001).  491 

3.2.3.3 Rearing time 492 

The percentage of rearing time was used as an indicator of balance control, reflecting 493 

the animals' ability to stand. We observed a significant decrease of the rearing time 494 
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after UVN for both UVN+placebo and UVN+met groups (Figure 6B). Statistical 495 

analysis revealed significant 'time', 'group' and 'time x group' effects (two-way repeated 496 

measures ANOVA, 'time': F (7,140) =15.15, p<0.001; 'group': F (2,20) =35.5, p<0.001; 497 

'time x group': F (14,140)=2.77, p<0.01). For the sham group, we observed that the 498 

animals spent on average 50% of their time on the two hind paws. For the 499 

UVN+placebo group, we observed a significant decrease compared to the sham group 500 

at d1 (Tukey post-hoc; p<0.001) persisting until d14 (Tukey post-hoc; p<0.05). For the 501 

UVN+met group, we observed the same decrease compared to the sham group at d1 502 

(Tukey post-hoc; p<0.001) persisting significantly until d30 (Tukey post-hoc; p<0.01). 503 

The rearing time was greater in the UVN+placebo group compared to the UVN+met 504 

group at d30 although not significantly (respectively 37.4%±3.7 versus 26.5%±5.2; 505 

Tukey post-hoc; p=0.05). 506 

 507 

3.2.3.4 Left circling behaviour (ipsilesional rotations)  508 

We quantified the number of left circling (i.e., fast rotations toward the ipsilesional side), 509 

known to arise in UVN rat model during the acute phase (Marouane et al., 2020; Péricat 510 

et al., 2017). We observed a significant increase of the left circling after UVN and acute 511 

anti-inflammatory treatment (Figure 6C). Statistical analysis revealed significant 'time', 512 

'group' and 'time x group' effects (two-way repeated measures ANOVA, 'time'”: F (2,34) 513 

=3.84, p<0.05; 'group': F (2,17) =10, p<0.01; 'time x group': F (4,34) =4.28, p<0.01). In 514 

the UVN+placebo group, we observed that the left circling behavior was no longer 515 

present compared to the sham group, at both d3 and d30. In contrast, this behavior 516 

was significantly increased in the UVN+met group compared to the sham group at d3 517 

(Tukey post-hoc; p<0.001) and d30 (Tukey post-hoc; p<0.05). Similar results were 518 

obtained when comparing the UVN+met and UVN+placebo groups with a significant 519 



22 

 

increase of the left circling in the UVN+met group at d3 (Tukey post-hoc; p<0.001) and 520 

d30 (Tukey post-hoc; p<0.05).  521 

3.2.3.5 Weight distributed on the abdomen  522 

We quantified the weight distributed on the abdomen during the acquisitions. This 523 

parameter was shown to increase during the acute phase after UVN, especially during 524 

the first day (Marouane et al.,2020), suggesting a strategy used by the animals to 525 

maintain balance with the use of a new support point to promote stability. We observed 526 

a significant increase of the weight distributed on the abdomen after UVN and acute 527 

anti-inflammatory treatment during the compensated phase (Figure 7B). Statistical 528 

analysis revealed significant 'group' effect (two-way repeated measures ANOVA, 529 

'group': F (2,17) =10, p<0.01). We observed that this postural strategy was absent in 530 

the UVN+placebo group compared to sham group at d3 and d30. In the UVN+met 531 

group, however, we observed that the animals distributed more weight on the abdomen 532 

at d30 compared to both sham (Tukey post-hoc; p<0.001) and UVN+placebo groups 533 

(Tukey post-hoc; p<0.01). 534 

 535 

3.2.3.6 Barycenter posturographic analysis 536 

We calculated the position of the barycenter at each moment, when the animal was 537 

stationary and on its four paws, which enabled us to trace the average positions of the 538 

paws and the position of the barycenter of each animal, represented here as 539 

statokinesigrams (Figure 7A). These statokinesigrams showed us different postural 540 

patterns depending on the group of rats and the post-lesion time, leading us to analyse 541 

3 parameters representing the position and stability of the barycenter along over time.  542 

 543 

3.2.3.6.1. Mean lateral position of the barycenter  544 
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We analysed the patterns of change of the mean lateral position of the barycenter at 545 

d3 and d30. Positive values represent a displacement of the barycenter toward the 546 

right side while negative values represent a displacement of the barycenter toward the 547 

left side. We observed a significant displacement of the barycenter toward the left side 548 

after UVN for both UVN+placebo and UVN+met groups (Figure 7.C). Statistical 549 

analysis revealed significant 'group' effect (two-way repeated measures ANOVA, 550 

'group': F (2,18) =8.5, p<0.01). In the UVN+placebo group, we observed a significant 551 

displacement of the barycenter toward the left side compared to the sham group at d30 552 

(Tukey post-hoc; p<0.01). For the UVN+met group, this displacement toward the left 553 

side was significant at d3 compared to the sham group (Tukey post-hoc; p<0.01) and 554 

still present at d30 (Tukey post-hoc; p<0.01).  555 

 556 

3.2.3.6.2 Barycenter inertia 557 

We analysed the barycenter inertia, a measure of the barycenter position dispersion 558 

during the acquisitions, reflecting its stability. We observed a significant increase of the 559 

barycenter inertia after UVN and acute anti-inflammatory treatment during the 560 

compensated phase (Figure 7.D). Statistical analysis revealed significant 'group' effect 561 

(two-way repeated measures ANOVA, 'group': F (2,19) =5.33, p<0.05). This parameter 562 

was significantly greater in the UVN+met group at d30 compared to both sham (Tukey 563 

post-hoc; p<0.01) and UVN+placebo groups (Tukey post-hoc; p<0.05). 564 

 565 

3.2.3.6.3 Barycenter maximum lateral deviation 566 

We analysed the stability of the barycenter along the lateral axis by calculating the 567 

barycenter maximum lateral deviation (Bymax minus Bymin). We observed a significant 568 

increase of the barycenter maximum lateral deviation after UVN and acute anti-569 
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inflammatory treatment during the compensated phase (Figure 7E). Statistical 570 

analysis revealed significant 'group x time' effect (two-way repeated measures 571 

ANOVA, 'group x time': F (2,17) =5.91, p<0.05). This parameter was greater in the 572 

UVN+met group at d30 compared to sham (Tukey post-hoc; p<0.05) and 573 

UVN+placebo (Tukey post-hoc; p<0.05) groups. 574 

 575 

3.2.4 Effect of acute anti-inflammatory treatment on posturo-locomotor 576 

parameters analysed by videotracking.  577 

 578 

3.2.4.1 Mean body torsion of the animals  579 

We measured the changes in the mean body torsion over time following UVN. This 580 

parameter has previously been shown to reflect postural alteration after unilateral 581 

vestibular deafferentation (UVD) (Vidal et al., 1993). Positive values represent 582 

increased body torsion towards the left side (side of the vestibular lesion) and negative 583 

values indicate increased body torsion towards the right side. We observed a 584 

significant increase of the mean body torsion towards the left side after UVN and acute 585 

anti-inflammatory treatment during the acute phase (Figure 8A). Statistical analysis 586 

revealed significant 'time', 'group' and 'time x group'’ effects (two-way repeated 587 

measures ANOVA, 'time': F (7,217) =6.83, p<0.001; 'group'”: F (2,31) =14.5, p<0.001; 588 

'time x group': F (14,217)=6, p<0.001). A significant increase of the mean body torsion 589 

toward the left side was observed for the UVN+placebo group compared with the sham 590 

group at d1 (Tukey post-hoc; p<0.001), persisting at d2 (Tukey post-hoc, p<0.05). This 591 

increase was significantly greater in the UVN+met group compared to the sham group 592 

at d1 (Tukey post-hoc; p<0.001) and persisted until d7 (Tukey post-hoc; p<0.05). It 593 
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was significantly more pronounced in the UVN+met group compared to the 594 

UVN+placebo group at d1 (Tukey post-hoc; p<0.05) and d2 (Tukey post-hoc; p<0.05).  595 

 596 

3.2.4.2 Total distance travelled 597 

We investigated the total distance travelled in the open field. We observed a significant 598 

increase of this parameter after UVN for both UVN+placebo and UVN+met groups in 599 

the compensated phase (Figure 8B). Statistical analysis revealed significant 'time', 600 

'group' and 'time x group' effects (two-way repeated measures ANOVA, 'time': 601 

F(7,203)=61.5, p<0.001; 'group': F(2,29)=4.94, p<0.05; 'time x group': F(14,203)=21.5, 602 

p<0.001). We observed that the UVN+placebo group travelled a significantly greater 603 

distance than the sham group from d14 (Tukey post-hoc; p<0.001) until d30 (Tukey 604 

post-hoc; p<0.001). For the UVN+met group, we observed a significant decrease of 605 

the total distance travelled compared to the sham group at d1 (Tukey post-hoc; 606 

p<0.01), followed by a significant increase from d14 (Tukey post-hoc; p<0.001) to d30 607 

(Tukey post-hoc; p<0.001).  608 

 609 

3.2.4.2 Mean velocity during free locomotion 610 

Regarding the mean velocity parameter, we observed a similar kinetics after UVN for 611 

both UVN+placebo and UVN+met groups (Figure 8C). Statistical analysis revealed 612 

significant 'time' and 'time x group'effects (two-way repeated measures ANOVA, 'time': 613 

F(7,203)=121, p<0.001; 'time x group': F(14,203)=32.4 p<0.001). A significant 614 

decrease was observed in the UVN+placebo group compared to the sham group from 615 

d1 (Tukey post-hoc; p<0.001) to d3 (Tukey post-hoc; p<0.01). The opposite was 616 

observed from d14 to d30 with a significant increase of the mean velocity (Tukey post-617 

hoc; p<0.001) persisting at d30 (Tukey post-hoc; p<0.001). Similar results were 618 
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obtained in the UVN+met group with a significant decrease from d1 (Tukey post-hoc; 619 

p<0.001) to d3 (Tukey post-hoc; p<0.01) compared to the sham group. Again, the 620 

opposite was observed from d14 to d30 with a significant increase of the mean velocity 621 

(Tukey post-hoc; p<0.001) persisting at d30 (Tukey post-hoc; p<0.001).  622 

 623 

3.2.4.3 Mean acceleration during free locomotion 624 

Since vestibular receptors detect accelerations, this parameter is particularly relevant 625 

to assess vestibular dysfunction following UVN (Rastoldo et al., 2020). We observed a 626 

significant increase of this parameter after UVN for both UVN+placebo and UVN+met 627 

groups in the compensated phase (Figure 8D). Statistical analysis revealed significant 628 

'time' and 'time x group' effects (two-way repeated measures ANOVA, 'time': 629 

F(7,203)=39.4, p<0.001; 'time x group': F(14,203)=17.3 p<0.001). A significant 630 

decrease was observed in the UVN+placebo group compared to the sham group at d1 631 

(Tukey post-hoc; p<0.05) followed by a significant increase from d14 (Tukey post-hoc; 632 

p<0.001) to d30 (Tukey post-hoc; p<0.001). For the UVN+met group, we also observed 633 

a significant diminution compared with the sham group at d1 (Tukey post-hoc; p<0.001) 634 

persisting until d3 (Tukey post-hoc; p<0.01), followed by a significant increase at d14 635 

(Tukey post-hoc; p<0.001) persisting until d30 (Tukey post-hoc; p<0.001).  636 

 637 

4. Discussion  638 

Due to their anti-inflammatory action, corticosteroids are the reference treatment for 639 

brain injuries and many inflammatory diseases, such as APV (Strupp et al., 2013; 640 

Strupp and Brandt, 2009b; Walker, 2009). We used methylprednisolone, a 641 

corticosteroid, to assess the functional role of the endogenous acute 642 

neuroinflammation process in a rodent model of UVN. Here, we demonstrate that acute 643 
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anti-inflammatory treatment has deleterious effects on vestibular compensation and 644 

disrupts the neuroplasticity mechanisms promoting functional recovery. Our results 645 

suggest for the first time a beneficial role of acute endogenous neuroinflammation in 646 

the expression of neuroplasticity mechanisms in the deafferented VN, promoting 647 

functional recovery after UVN.  648 

4.1. Acute anti-inflammatory treatment alters adaptive post-lesional 649 

plasticity in the deafferented VNs after UVN. 650 

Methylprednisolone is a synthetic corticosteroid, mimicking endogenous 651 

corticosteroids (EC) action on the GR, an ubiquitous receptor expressed in almost all 652 

cells in mammals. When activated by a ligand, GR undergoes translocation into the 653 

nucleus to regulate the expression of genes encoding a variety of inflammatory 654 

proteins exerting anti-inflammatory and immunosuppressive actions (Payne and 655 

Adcock, 2001; Rhen and Cidlowski, 2005). Interestingly, previous works reported the 656 

activation of the HPA axis after unilateral vestibular deafferentation (UVD) (Cameron 657 

and Dutia, 1999; Gliddon et al., 2003; Tighilet et al., 2009), leading to increased release 658 

of anti-inflammatory EC. Consistently, we observed an increased nuclear GR 659 

localization in the deafferented medial VNs after UVN. Although HPA axis activation 660 

after UVD is thought to be beneficial (for review see Saman et al., 2012), it has been 661 

reported that overexposure to corticosteroids has detrimental effects on vestibular 662 

compensation (Yamamoto, 2000). Following acute anti-inflammatory treatment, we 663 

observed a significant reduction of GR nuclear localization which is usually observed 664 

after desensitization of the receptor due to glucocorticoids overexposure (Numakawa 665 

et al., 2009). The association of the acute anti-inflammatory treatment with EC probably 666 

leads to high concentrations of glucocorticoids in the deafferented VNs. 667 

 668 
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The restoration of the electrophysical balance between ipsi- and contra-lesional VNs, 669 

crucial for functional recovery, is supported at the cellular level by the expression of 670 

many neuroplasticity mechanisms in the deafferented VNs. We assessed the impact 671 

of acute anti-inflammatory treatment on post-lesional plasticity mechanisms by looking 672 

first at the glial responses, considered as hallmarks of the inflammatory response in 673 

the CNS. We observed that exposure to acute anti-inflammatory treatment significantly 674 

reduces astroglial and microglial reactions in the deafferented VNs after UVN, as 675 

previously shown for spinal cord injury (SCI)  (Takeda et al., 2004). GR activation is 676 

known to inhibit NF-kB, a key transcriptional factor for the inflammatory response (Liu 677 

et al., 2017; Quax et al., 2013). The expression of NF-kB being crucial for microglial 678 

and astroglial responses (Liddelow and Barres, 2017; Santa-Cecília et al., 2016), its 679 

inhibition by EC’s action on GR combined with acute anti-inflammatory treatment may 680 

cause the massive decreased glial response in the deafferented VNs. Their inhibition 681 

after acute anti-inflammatory treatment is associated with altered vestibular 682 

compensation, probably highlighting their contribution to functional recovery. Glial 683 

reactions are crucial for adaptative post-lesional plasticity mechanisms in the VNs, 684 

since they promote preservation of tissue integrity and wound repair (Cherry et al., 685 

2014; Myer, 2006; Quintana, 2017) and  modulate neuronal network excitability 686 

through various mechanisms such as K+ clearance (Bellot-Saez et al., 2017) and Brain-687 

Derived-Neurotrophic-Factor (BDNF) signaling (Coull et al., 2005; Ferrini and De 688 

Koninck, 2013).  689 

 690 

Neurogenesis is an adaptive mechanism promoting vestibular compensation (Dutheil 691 

et al., 2009; Rastoldo et al., 2021). We observed that acute anti-inflammatory treatment 692 

reduces cell proliferation and survival in deafferented medial VNs. Reduction of cell 693 
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proliferation was also reported after overexposure to glucocorticoids in the 694 

hippocampus (Anacker et al., 2013). Altered neurogenesis is known to be associated 695 

with impaired functional recovery after UVN (Dutheil et al., 2009) and probably 696 

contributes to the exacerbated and persistent functional deficits observed after acute 697 

anti-inflammatory treatment. This may involve GR’s inhibition of NF-kB, which exerts a 698 

pro-proliferative effect on neural progenitors (Widera et al., 2006). An alternative 699 

explanation might concern the inhibition of glial reactions, usually promoting 700 

neurogenesis through the release of BDNF (Bath et al., 2012; Ekdahl et al., 2009).  701 

 702 

Finally, we examined the impact of acute anti-inflammatory treatment on vestibular 703 

neurons’ excitability in the deafferented VNs by focusing on GABAergic transmission.  704 

Our previous studies have shown that UVN induces a  significant reduction of KCC2 705 

expression in the deafferented lateral VNs (Dutheil et al., 2016), possibly leading to an 706 

intracellular accumulation of [Cl-] ions, inducing a depolarizing outward current through 707 

GABAA receptors (Coull et al., 2005, 2003). This mechanism likely plays a role in 708 

vestibular compensation through the transitory restoration of spontaneous activity in 709 

the deafferented VNs during the acute phase (Dutheil et al., 2016). Here we observed 710 

that acute anti-inflammatory treatment not only prevented KCC2 downregulation but 711 

significantly enhanced its expression in the deafferented lateral VNs. This 712 

phenomenon may induce an excitability deficit during the acute phase since KCC2 713 

upregulation is likely associated with amplified inhibitory GABAergic transmission (Bos 714 

et al., 2013; Goulton et al., 2018; Lorenzo et al., 2020).  KCC2 upregulation was also 715 

reported after SCI and administration of corticosteroids (Dai et al., 2018). The reactive 716 

microglia – BDNF - TrkB signaling was shown to be a main actor for KCC2 717 

downregulation (Coull et al., 2005; Ferrini and De Koninck, 2013; Rivera, 2004; Rivera 718 



30 

 

et al., 2002). In accordance with this, we have previously shown that the administration 719 

of a TrkB receptor antagonist after UVN increases KCC2 expression (Dutheil et al., 720 

2016). Interestingly, KCC2 upregulation is thought to involve a TrkB receptor mediator, 721 

the Phospholipase C gamma (PLCy) (Rivera, 2004; Tashiro et al., 2015). Previous 722 

works reported that glucocorticoids overexposure, as is likely the case after UVN and 723 

acute anti-inflammatory treatment, decreases PLCy binding to TrkB receptors 724 

(Numakawa et al., 2009) leading to KCC2 upregulation (Rivera, 2004; Tashiro et al., 725 

2015). Interestingly, we observed that acute versus chronic treatment with muscimol, 726 

a GABAA receptor agonist, had antagonistic effects on vestibular compensation in 727 

UVN animals (Dutheil et al., 2013), highlighting the complex contribution of GABAergic 728 

signaling for functional recovery.  729 

 730 

In conclusion, we demonstrate that reactive plasticity mechanisms generated in the 731 

deafferented vestibular nuclei after UVN strongly depend on the acute inflammatory 732 

state, since their expression is prevented after acute anti-inflammatory treatment. One 733 

could argue that these deleterious effects are not due to the anti-inflammatory role of 734 

the corticosteroids but rather to their action on the GR. Therefore, the use of 735 

nonsteroidal anti-inflammatory drugs (NSAIDs) may have different effects on post-736 

lesional plasticity. This hypothesis was, however, refuted by a recent study  (Golia et 737 

al., 2019), showing that high doses of ibuprofen, a NSAIDs, have deleterious 738 

consequences on hippocampal plasticity supporting the view that excessive inhibition 739 

of the inflammatory response impairs the expression of neural plasticity.   740 

 741 
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4.2 Acute anti-inflammatory treatment after UVN alters the 742 

expression of the vestibular syndrome as well as the kinetics of 743 

vestibular compensation.  744 

To assess the consequences of acute anti-inflammatory treatment on functional 745 

recovery, we performed behavioral investigations to assess vestibular, postural and 746 

locomotor functions (Cassel et al., 2018; Marouane et al., 2020; Péricat et al., 2017; 747 

Rastoldo et al., 2020).  It is now widely accepted that acute vestibular syndrome 748 

originates from electrophysiological asymmetry between intact and deafferented VN 749 

and that recovery occurs through rebalance of electrical activity (Tighilet and Chabbert, 750 

2019). We used two behavioral tests that could assess the return to VNs 751 

electrophysiological homeostasis. First, we used a qualitative scale, listing typical 752 

postural and locomotor deficits classically induced by UVN and known to reflect 753 

vestibular function impairment and recovery (Deliagina et al., 1997; Péricat et al., 754 

2017). Then, we quantified the ipsilesional circling, a behavioral parameter observed 755 

in various rodent models of neuropathologies resulting from cerebral 756 

electrophysiological asymmetry (Löscher, 2010; Stiles and Smith, 2015).  The acute 757 

administration of methylprednisolone exacerbates the severity of behavioral deficits in 758 

both tests.  We can therefore assume that the acute anti-inflammatory treatment delays 759 

the return to electrophysiological homeostasis in the VNs and consequently, the 760 

vestibular compensation. 761 

 762 

The VNs receive multimodal sensory inputs (vestibular, visual; tactile and 763 

proprioceptive) and play a crucial role in postural stability, balance control and reflex 764 

responses to body displacements through descending vestibulospinal pathways (see 765 

(McCall et al., 2017)for review). In the case of UVD, the loss of vestibular information 766 
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from ipsilesional VNs and the subsequent VNs electrophysiological asymmetry leads 767 

to postural impairments (see Deliagina et al., 2006 for review) that we assessed 768 

quantitatively. We observed, as previously described after UVN, an altered postural 769 

function during the acute phase as attested by the increase in the mean body torsion, 770 

the significant decrease of the rearing time and more unstable statokinesigrams 771 

compared to the sham group 3 days after the lesion. With time, we observed a 772 

progressive compensation of the postural parameters, concomitant with an increased 773 

weight distribution towards the injured side. This phenomenon was described as a 774 

compensatory mechanism, probably increasing tactile and proprioceptive inputs to the 775 

deafferented VNs, leading to a sensory reweighting. Increased sensitivity of vestibular 776 

neurons to proprioceptive inputs has been described after unilateral vestibular loss 777 

(Jamali et al., 2014; Sadeghi et al., 2011) and is thought to support a sensory 778 

substitution mechanism, which is known to play a role in the vestibular compensation 779 

process  (see Lacour et al., 2016 for review). 780 

After acute methylprednisolone treatment, we observed enhanced short- and long-781 

term postural deficits probably involving different plasticity mechanisms. We observed 782 

significantly enhanced body torsion toward the injured side during the acute phase but 783 

also increased instability of the barycenter during the compensated phase. These 784 

animals also exhibited significant and persistent use of the abdomen probably to 785 

improve postural balance through a somaesthetic substitution process. This 786 

hypothesis is supported by the measurement of the support surface after tail 787 

suspension test (TST), showing a strong impairment in UVN+met animals even 1 788 

month after UVN, whereas UVN+placebo animals recovered over time. Under TST 789 

conditions, somaesthetic inputs are greatly reduced and the effectiveness of the 790 

vestibulo-spinal reflex is principally under the control of the recovery of vestibular 791 



33 

 

function). We can argue that the long-term alteration of the plasticity mechanisms by 792 

acute methylprednisolone treatment causes the long-term alteration of the 793 

vestibulospinal reflex when mainly controlled by the vestibular function recovery.  794 

Locomotor activity in rats after UVN was quantified in an automated and unbiased 795 

manner under ecological conditions, through the use of different quantitative 796 

parameters, recently validated as part of a specific posturo-locomotor phenotype after 797 

UVN (Rastoldo et al., 2020). In accordance with previous works, we observed a 798 

significant increase of these parameters with time, confirming the persistent 799 

hyperactivity after vestibular loss (Lindner et al., 2019; Rastoldo et al., 2020). This 800 

could represent a compensatory strategy since by increasing locomotion velocity, 801 

automatic spinal networks inhibit misleading vestibular information (Fabre-Adinolfi et 802 

al., 2018). As previously described in rat models of spinal cord injury (Haghighi et al., 803 

2000; Pereira et al., 2009; Yin et al., 2013), acute anti-inflammatory treatment with 804 

methylprednisolone had no benefits for locomotion.  805 

 806 

We argue that the acute treatment with methylprednisolone dysregulates the well-807 

controlled endogenous balance between pro- and anti-inflammatory signals after UVN, 808 

leading to glucocorticoid overexposure. Acute methylprednisolone treatment alters 809 

both short- and long-term plasticity expression in the deafferented VNs, inducing the 810 

enhanced and persistent vestibular and postural deficits. Interestingly, the 811 

inflammatory response was only blocked during the acute 3-day period after UVN but 812 

had both long-term cellular and behavioral consequences. Taken together, these 813 

results confirm the crucial role of this critical time period for functional recovery and 814 

highlight its potential therapeutic role.  815 

 816 
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4.3 Clinical considerations 817 

The UVN rodent model used in this work, displaying an acute phase of severe 818 

disorders, followed by a progressive reduction of the symptoms, faithfully mimics the 819 

vestibular syndrome encountered in most acute peripheral vestibulopathies (APV). 820 

Given its tissue correlation, it may be compared in first instance to vestibular neurotomy 821 

undertaken in the case of intractable Menière disease (Miyazaki et al., 2017; Nevoux 822 

et al., 2017), or vestibular schwannoma surgery (Halliday et al., 2018). In these two 823 

cases, central processes of vestibular neurons progressively degenerate through 824 

Wallerian degeneration, after being severed from their cell bodies located in the 825 

Scarpa’s ganglion. Based on the observation of inflammatory markers in the vestibular 826 

nuclei of UVN rats, it can be assumed that similar inflammation may take place 827 

following neurotomy and vestibular schwannoma. Present results are therefore of 828 

interest for the pharmacological management of patients in these conditions. 829 

Administration of corticoids within the appropriate time windows, avoiding the acute 830 

phase, may optimize functional recovery and stimulate vestibular compensation 831 

processes.  832 

Although systemic inflammation has been described in vestibular neuritis patients 833 

(Kassner et al., 2011), there is still no consistent evidence of a central inflammation in 834 

most cases (Hegemann and Wenzel, 2017; Uffer and Hegemann, 2016). Rather, an 835 

intralabyrinthine source is now favoured (Eliezer et al., 2019). It can be assumed that 836 

vestibular primary neurons that compose the vestibular nerve remain alive although 837 

disconnected from the vestibular sensory cells (Cassel et al., 2019; Tighilet et al., 838 

2019). This situation differs slightly from the UVN model. However, among UVD 839 

models, chemical and surgical labyrinthectomy models have been reported to trigger 840 

inflammation and reactive plasticity mechanisms in the VNs (Campos Torres et al., 841 
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1999; Campos-Torres et al., 2005; Dutheil et al., 2011; Liberge et al., 2010). The 842 

presence of a central inflammatory reaction in vestibular neuritis should therefore be 843 

considered and the administration of acute corticosteroids should be questioned.  844 

One might then ask why some clinical studies have reported significant benefits of 845 

acute corticotherapy in APV (Ariyasu et al., 1990; Strupp et al., 2004). It should be 846 

noted that the reported effectiveness of corticotherapy has mainly been based on the 847 

measurement of the vestibulo-ocular-reflex gain on caloric tests and did not include 848 

scales measuring the quality of life nor posturography measurements, better able to 849 

quantify central vestibular compensation. Furthermore, those results are now 850 

contested since meta-analysis has questioned the long-term benefits of acute 851 

corticotherapy (Fishman et al., 2011; Goudakos et al., 2010; Solis et al., 2019), while 852 

recent studies proved no effectiveness of this treatment compared to vestibular re-853 

education or other pharmacological treatment (Goudakos et al., 2014; Yoo et al., 854 

2017).  855 

The interest of understanding the inflammatory processes associated with vestibular 856 

pathologies extends well beyond the types of vestibular disorders mentioned above, 857 

as proinflammatory signatures have also been recently reported in Meniere disease 858 

and Vestibular Migraine (Flook et al., 2019). In conclusion, this study using the UVN 859 

model raises new questions regarding the early use of systemic corticosteroids for the 860 

treatment of APV in humans. Further clinical studies will be necessary to validate the 861 

benefits of a reduction of their systematic use in human, while preferring other 862 

pharmacological or re-educational therapies. 863 

 864 

5. Conclusion 865 
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Our study proves, for the first time, that the pharmacological blockade of the acute 866 

inflammatory response after unilateral vestibular neurectomy alters the expression of 867 

the adaptative plasticity mechanisms in the ipsilesional VNs, involved in functional 868 

recovery. These results indicate that the endogenous acute neuroinflammation seems 869 

beneficial for vestibular compensation and question the use of corticosteroids in 870 

vestibular patients during the acute phase. The results also highlight a critical time 871 

window after the lesion since a treatment administrated during the acute phase has 872 

long-term effects.  873 

 874 
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 1303 

9. Figures legends 1304 

Figure1: The vestibular compensation: a model a post-lesional 1305 

neuroplasticity and functional recovery.  1306 

Unilateral vestibular deafferentation (UDV) leads to a vestibular syndrome the origin of 1307 

which is thought to be an electrophysiological imbalance between the ipsi- and contra-1308 

lesional vestibular nuclei (VNs). UVD leads to the emergence of a plethora of plasticity 1309 

mechanisms in the ipsilesional VNs, supporting the progressive restoration of the 1310 

electrophysiological balance and the subsequent functional recovery, called vestibular 1311 

compensation.  1312 

 1313 

Figure 2: Study design 1314 

Experimental protocol to study and visualize the impact of the pharmacological 1315 

blockage of the acute neuroinflammation after UVN on the expression of the plasticity 1316 

mechanisms observed in the deafferented VN, as well as on the kinetics on functional 1317 

recovery in the adult rat. 1318 

S.: sacrifice 1319 
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i.p: intraperitoneal injections 1320 

TST: Tail Suspension Test 1321 

 1322 

Figure 3: Glial reactions in the medial vestibular nuclei (VNs) are 1323 

blocked by the acute anti-inflammatory treatment after UVN. 1324 

A. Confocal analysis of microglial cells immunostained with IBA1 and DAPI (nucleus) 1325 

in the deafferented medial VNs of a representative animal in sham, UVN+placebo and 1326 

UVN+methylprednisolone (UVN+met) groups at d3 and d30 post UVN. Scale bar, 1327 

50mm. N=4 animals per group. B. Histograms showing the effects of vestibular lesion 1328 

combined with placebo or acute anti-inflammatory treatment on the number of IBA1 1329 

immunoreactive cells in the deafferented medial VNs at d3 and d30 post UVN. C. 1330 

Confocal analysis of astroglial cells immunostained with GFAP and DAPI (nucleus) in 1331 

the deafferented medial VNs of a representative animal in sham, UVN+placebo and 1332 

UVN+met groups at d3 and d30 post UVN. Scale bar, 50mm. N=4 animals per group. 1333 

D. Histograms showing the effects of vestibular lesion combined with placebo or acute 1334 

anti-inflammatory treatment on the number of GFAP immunoreactive cells in the 1335 

deafferented MVN at d3 and d30 post UVN. 1336 

 1337 

Each data point represents the mean number of immunoreactive cells, with error bars 1338 

representing SEM. *p < 0,05; ** p < 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc 1339 

Tukey: *sham and UVN+placebo comparison. *sham and UVN+met comparison. 1340 

*UVN+placebo and UVN+met comparison. 1341 

 1342 
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Figure 4: Glucocorticoid receptor (GR) localization, KCC2 1343 

expression, cell proliferation and survival are altered by the acute 1344 

anti-inflammatory treatment after UVN.  1345 

A. Confocal analysis of GR and nucleus (DAPI) localization in the deafferented medial 1346 

VNs of a representative animal in sham, UVN+placebo and UVN+met groups at d3 1347 

and d30 post UVN. Scale bar, 50mm. N=4 animals per group. D. Histograms showing 1348 

the effects of vestibular lesion combined with placebo or acute anti-inflammatory 1349 

treatment on the mean percentage of GR nuclear localization, quantified by the 1350 

percentage of GR/DAPI ir-cells in the deafferented medial VNs at d3 and d30 post 1351 

UVN. C. Confocal analysis of KCC2 expression in the deafferented medial VNs of a 1352 

representative animal in sham, UVN+placebo and UVN+met groups at d3 and d30 1353 

post UVN. Scale bar, 20mm. N=4 animals per group. D. Histograms showing the 1354 

effects of the lesion combined with placebo or acute anti-inflammatory treatment on 1355 

the mean KCC2 immunofluorescence intensity in the deafferented medial VNs at d3 1356 

and d30 post UVN. E. Confocal analysis of proliferative cells immunostained with BrdU 1357 

in the deafferented medial VNs of a representative animal in sham, UVN+placebo and 1358 

UVN+met groups at d3 and d30 post UVN. Scale bar, 50mm. N=4 animals per group. 1359 

F. Histograms showing the effects of the lesion combined with placebo or acute anti-1360 

inflammatory treatment on the number of Brdu immunoreactive cells in the 1361 

deafferented medial VNs at d3 and d30 post UVN.  1362 

 1363 

Each data point represents the mean number of immunoreactive cells, with error bars 1364 

representing SEM. *p < 0,05; ** p < 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc 1365 

Tukey: *sham and UVN+placebo comparison. *sham and UVN+met comparison. 1366 

*UVN+placebo and UVN+met comparison 1367 
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 1368 

Figure 5: Acute anti-inflammatory after UVN treatment exacerbates 1369 

vestibular syndrome intensity and postural instability during 1370 

vestibulo-spinal reflex after UVN   1371 

A. Illustration of the assessment grid used to conduct the qualitative analysis. B. 1372 

Results representing the progression of the qualitative score along post-operative time 1373 

for each group. C. Pictures of the support surface of a representative animal at d3 for 1374 

each group. For each rat, a measurement was taken during the preoperative time to 1375 

serve as baseline so that each rat acts as its own control. Data were normalized 1376 

according to the baseline for every time-point. D. Results representing the changes of 1377 

the support surface measured after tail suspension test (TST), reflecting the 1378 

effectiveness of the vestibulospinal reflex along post-operative time for each group.  1379 

A red box is applied on the curve to illustrate the acute time window of the vestibular 1380 

syndrome (d1 to d3) where the treatments were administrated daily. Each data point 1381 

represents the mean for each group with error bars representing SEM. *p < 0,05; ** p 1382 

< 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc Tukey: *sham and UVN+placebo 1383 

comparison. *sham and UVN+met comparison. *UVN+placebo and UVN+met 1384 

comparison. 1385 

 1386 

Figure 6: Acute anti-inflammatory treatment effects on weight 1387 

distribution after UVN 1388 

A. Results representing the changes of the lateral weight distribution index along post-1389 

operative time for each group. Positive values indicate an increase of the weight on 1390 

the right paws, negative values indicate an increase of the weight on the left paws. B. 1391 
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Results representing the evolution of the rearing time (i.e, time spent on two paws) 1392 

along post-operative time for each group.  1393 

A red box is applied on the curve to illustrate the acute time window of the vestibular 1394 

syndrome (d1 to d3) where the treatments were administrated daily.  1395 

C. Results representing the ipsilesional circling behavior (i.e left circling).  1396 

 Each data point represents the mean for each group with error bars representing SEM. 1397 

*p < 0,05; ** p < 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc Tukey: *sham and 1398 

UVN+placebo comparison. *sham and UVN+met comparison. *UVN+placebo and 1399 

UVN+met comparison 1400 

Figure 7: Acute anti-inflammatory treatment alters long-term postural 1401 

recovery after UVN 1402 

A. Statokinesigrams illustrating the kinetics of barycenter and paw positions at d3 and 1403 

d30 for a representative animal in the sham, UVN+placebo and UVN+met groups. For 1404 

each statokinesigram, the antero-posterior axis is on the abscissa and the lateral axis 1405 

on the ordinate. The dark blue, red, light blue and pink dot clouds are the traces of the 1406 

average positions, respectively, of the right rear paws, left rear paws, right front and 1407 

left front paws during a session at each moment when the animal is static on its four 1408 

legs. The green point cloud is the trace of the successive positions of the barycentre 1409 

calculated at each of these moments. The various black crosses represent the average 1410 

position of the legs during an entire session. The red dot represents the average 1411 

position of the barycentre during a session. B. Results representing the changes of the 1412 

weight distributed on the abdomen, in grams, normalized by subtracting the 1413 

preoperative value for each rat. C. Results representing changes of the mean lateral 1414 

position of the barycenter, in centimeters, normalized by subtracting the preoperative 1415 

value for each rat. D. Results representing changes of the barycenter inertia, an 1416 
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indicator of the barycenter stability. For each rat, measurements were normalized as a 1417 

ratio of the preoperative value. E. Results representing changes in the barycenter’s 1418 

lateral maximum deviation, an indicator of barycenter stability along the lateral axis. 1419 

For each rat, measurements were normalized as a ratio of the preoperative value. 1420 

Each data point represents the mean for each group with error bars representing SEM. 1421 

*p < 0,05; ** p < 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc Tukey: *sham and 1422 

UVN+placebo comparison. *sham and UVN+met comparison. *UVN+placebo and 1423 

UVN+met comparison. 1424 

Figure 8: Acute anti-inflammatory treatment exacerbates postural 1425 

alteration and has no beneficial effects on locomotion after UVN 1426 

A. Results representing changes in the mean body torsion, in degrees, along post-1427 

operative time for each group, normalized by subtracting the pre-operative value for 1428 

each rat. Positives values indicate an increase in body torsion toward the left side while 1429 

negative values indicate an increase towards the right side. B. Results representing 1430 

changes in the total distance moved along post-operative time for each group, 1431 

normalized as a ratio of the pre-operative value. C. Results representing changes in 1432 

the mean velocity along post-operative time for each group, normalized as a ratio of 1433 

the pre-operative value. D. Results representing changes in the mean acceleration 1434 

along post-operative time for each group, normalized as a ratio of the pre-operative 1435 

value. 1436 

A red box is applied on the curve to illustrate the acute time window of the vestibular 1437 

syndrome (d1 to d3) where the treatments were administrated daily. Each data point 1438 

represents the mean for each group with error bars representing SEM. *p < 0,05; ** p 1439 

< 0,01; ***p<0,001, 2 two-way ANOVA, post-hoc Tukey: *sham and UVN+placebo 1440 
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comparison. *sham and UVN+met comparison. *UVN+placebo and UVN+met 1441 

comparison. 1442 

 1443 



Figures

Figure 1

The vestibular compensation: a model a post-lesional 1305 neuroplasticity and functional recovery.
Unilateral vestibular deafferentation (UDV) leads to a vestibular syndrome the origin of which is thought
to be an electrophysiological imbalance between the ipsi- and contra-lesional vestibular nuclei (VNs).



UVD leads to the emergence of a plethora of plasticity mechanisms in the ipsilesional VNs, supporting
the progressive restoration of the electrophysiological balance and the subsequent functional recovery,
called vestibular compensation.

Figure 2

Study design Experimental protocol to study and visualize the impact of the pharmacological blockage of
the acute neuroin�ammation after UVN on the expression of the plasticity mechanisms observed in the



deafferented VN, as well as on the kinetics on functional recovery in the adult rat. S.: sacri�ce i.p:
intraperitoneal injections TST: Tail Suspension Test

Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7

"Please see the Manuscript PDF �le for the complete �gure caption".



Figure 8
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