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Abstract
Previous studies of rats with bilateral vestibular deafferentation (BVD) have demonstrated locomotor hyperactivity; however, the longest post-operative time interval that has been used is 5-7 months. Here we provide a video demonstration that rats at 14 months post-BVD still exhibit locomotor hyperactivity in darkness and that therefore this symptom is probably permanent. The explanation for this usual behaviour is still elusive but it is possible that it is related to changes in the basal ganglia following loss of vestibular function.
Abstract

Since the 1980’s, bilateral loss of vestibular function, due to surgical or chemical destruction of the peripheral vestibular receptor cells, has been reported to result in a peculiar locomotor hyperactivity in rats (Matthews et al., 1989; Porter et al., 1990; Ossenkopp and Hargreaves, 1993;  Deliagina et al., 1997; Basile et al., 1999; Stackman and Herbert, 2002; Wallace et al., 2002; Russell et al., 2003; Goddard et al., 2008; Zheng et al., 2009; Baek et al., 2010 in press). More recently, a similar phenomenon has been observed in mice which are vestibularly deficient due to genetic mutations (Fedrowitz et al., 2000; Kaiser et al., 2001; Fedrowitz et al., 2003; Vidal et al., 2004; Cryns et al., 2004; Eugène  et al., 2007; Schirmer et al., 2007a,b; Avni et al., 2009). This locomotor hyperactivity appears to be specific to bilateral, as opposed to unilateral, vestibular lesions. Although rodents with unilateral vestibular lesions tend to circle in the direction of the lesion initially, this behavior is transient and is not accompanied by such obvious hyperactivity (Zheng et al., 2006). In the case of surgical bilateral vestibular lesions, the hyperactivity appears to be permanent and is often accompanied in the early post-operative stages by circling in both directions (Deliagina et al., 1997; Russell et al., 2003; Goddard et al., 2008). Given that bilateral vestibular lesions result in an impairment of the vestibulospinal reflexes that contribute to postural control, it seems somewhat paradoxical that they should result in increased rather than decreased movement. Studies of spatial memory have demonstrated that rats with bilateral vestibular deafferentation (BVD) exhibit an increased locomotor velocity while at the same time taking longer to reach a remembered target and travelling a greater distance to get there (Wallace et al., 2002; Zheng et al., 2009; Baek et al., 2010, in press).

Here we provide a video demonstration of BVD-related hyperactivity in darkness at 14 months post-op. 
Protocol

Animals

Twenty-six adult male Wistar rats weighing 250 – 300 g at the time of surgery were used. All animals received either the sham (n = 16) or BVD surgery (n = 10) 14 months prior to the behavioural testing in a foraging task. The animals were food deprived to 85% of their normal feeding weight before and during the behavioural testing. After each day of testing, the animals were given supplementary normal laboratory rodent food in their home cage in order to maintain body weight. The rats were sprayed with black paint (Donaghys Industries Ltd, Christchurch, New Zealand) on the neck so that their movement could be tracked and analysed using the custom-made software.
BVD Surgery

A complete bilateral surgical vestibular deafferentation (BVD) was performed using an otolaryngological microscope and the methods described in detail elsewhere (e.g., Zheng et al., 2006; Zheng et al., 2008; Zheng et al., 2009a,b). Briefly, animals were anaesthetised with ketamine hydrochloride (760 g/kg, s.c.), medetomidine hydrochloride (300g/kg, s.c.) and atropine sulfate (80g/kg, s.c.). The tympanic bulla was exposed using a retro-auricular approach and the tympanic membrane, malleus and incus were removed. The stapedial artery was cauterised and the horizontal and anterior semicircular canal ampullae drilled open. The contents of the canal ampullae and the utricle and saccule were aspirated and the temporal bone sealed with dental cement. Carprofen (5 mg/kg, s.c.) was used for post-operative analgesia. Our histological studies have shown that this procedure results in complete destruction of the vestibular sensory epithelia (Zheng et al., 2006). Sham surgery consisted of exposing the temporal bone and removing the tympanic membrane without producing a vestibular lesion. Although some sound is still transmitted to the inner ear, the removal of the tympanic membrane served as a partial auditory control. 
Foraging Task Apparatus

The apparatus was similar to the ones used previously by ourselves and other researchers (Wallace et al., 2002; Zheng et al., 2006; Zheng et al., 2009b). The apparatus consisted of a 140 cm diameter circular wooden white table that was elevated 105 cm above the floor. Eight 10 cm diameter holes, centered 10.5 cm from the table’s edge, were located at equal distances around the perimeter of the table. The table was mounted on a central bearing such that it could be rotated between animals. A home cage was placed beneath one of the holes from which a rat could climb onto the table to search for food. A 5.5 cm high transparent perspex edging was also fitted around the table to prevent falls from the edge. Twenty-three food cups (4 cm in diameter and 1 cm in height) were attached to the table. The apparatus was located in a test room in which many visual cues were on the wall. A disc (195 cm in diameter) was mounted on the ceiling, with a centre bearing, 130 cm above the table. An opaque curtain was hung on this disc so that the table could be enclosed from all visible light during dark conditions. The room lights were turned off for both light and dark conditions. In the light conditions, the apparatus was illuminated by three lights, which were positioned on the disc, 120o apart from each other. In the dark conditions, the disc lights were turned off and an infrared light source was located inside the curtain. An infrared camera was placed above the centre of the table to record the movements of the animals under both light and dark conditions. A speaker playing white noise was also mounted above the centre of the table.
Foraging Task Procedure

Pre-training

The rats were trained to reliably retrieve 4 food pellets per 10 min session. During pre-training, the room lights were turned off, the ceiling frame lights were on and the curtain surrounding the table was drawn back.  All of the food cups were baited for the first few days, but the number of baited cups was gradually decreased until only 1 food cup was baited per trial. A trial was defined as an exit from the home cage and a return to the cage with a food pellet. The home cage was located beneath the same hole and at the same location in relation to the room throughout the pre-training. During the pre-training, the rats learned to climb out of the home cage, find a food pellet, and carry it back to the cage. After the rat retrieved a food pellet and returned to the home cage, a new food pellet was placed in one of the food cups while the rat ate. Pre-training was completed when the rat’s performance was stabilized to 4 search and retrieval trials in a 10 min session. 

Light Probe Trial

Once pre-trained to retrieve 4 food pellets each day, each rat was given a light probe trial where the starting location was changed to a novel position. All other room settings remained exactly the same as in the pre-training phase. Before each rat began the trial, the foraging table was cleaned to remove surface cues. 
Dark Training

Following the light probe trial, the rats were given 1 day (4 trials) of normal training where the home cage was positioned at the same location as on the pre-training trials. After a day of normal training, the rats were then tested in the dark with the curtain surrounding the table and the infrared light source turned on. The training lasted for 21 days. Each rat was given 1 trial per day, where the position of the home cage was changed and a different food cup was baited each day. The table was cleaned between animals. 
Data Acquisition

The rat’s exploratory trip was divided into two segments: searching and homing. The path length (cm), trip duration (sec) and velocity (cm/sec) for both the searching and homing trips were obtained. Each exploratory trip was analysed offline using DVD playback displayed on a PC using custom-coded path-tracing software, designed by Mr. Kevin Markham. The sampling rate of the path tracing software was 20 frames/s.
Statistical Analysis
The light probe trial data dark training data for the searching distance, time and velocity were subjected to an area under the curve (AUC) calculation (Baek et al., 2010, in press) and analysed using an unpaired t test using Minitab 16.  
Results
Light Probe Trial
The effects of surgery and drug treatment were not statistically significant and there were no significant interactions (data not shown). 
Dark Training
BVD animals travelled a significantly longer distance compared to the sham animals (t(24) = 3.66; P = 0.001; Fig. 1A) as well as a significantly higher searching velocity (t(24) = 2.22; P = 0.04; Fig. 1B). Surgery did not have any significant effect on searching time (data not shown). The video files provide examples of representative searching behaviours for the BVD and sham animals.
Fig. 1 about here

Discussion

Consistent with many previous studies (Matthews et al., 1989; Porter et al., 1990; Ossenkopp and Hargreaves, 1993;  Deliagina et al., 1997; Basile et al., 1999; Stackman and Herbert, 2002; Wallace et al., 2002; Russell et al., 2003; Goddard et al., 2008; Zheng et al., 2009; Baek et al., 2010 in press), we found that rats with BVD exhibited locomotor hyperactivity compared to sham-operated animals, as indicated by their significantly higher searching distance and searching velocity in a foraging task. Although locomotor hyperactivity has been reported previously, it has never been reported in rats at such a long time interval as 14 months post-op.; the fact that the hyperactivity persists at this time suggests that it is permanent.

The explanation of the locomotor hyperactivity in rats with BVD remains elusive. It was notable that it occurred only in darkness, not in light, and therefore it seemed to be related to the animals’ inability to use vestibular information.  It has been speculated previously that locomotor hyperactivity following BVD may suggest changes in basal ganglia function (Goddard et al., 2008); however, this hypothesis remains to be tested.
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Legends
Figure 1: Searching distance (a) and velocity (b) of the sham and BVD animals in the dark training trials. Data are represented as mean + SEM.
Fig. 1A
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Fig. 1B
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