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Abstract 

 

Vestibular dysfunction in humans is associated with a high rate of anxiety and depressive 

disorders. Although this may first appear to be due to the burden of living with a balance 

disorder, there is reason to think that there are deeper connections between the vestibular system 

and emotion. For example, there are important connections between the vestibular nucleus and 

the limbic system, and the vestibular system is known to regulate autonomic function. To the 

contrary, rats with bilateral vestibular lesions seem to show similar behaviours to rats with 

reduced anxiety, remaining in the open arms of the elevated plus and T mazes and the inner zone 

of the open field maze, for longer periods of time than controls. Since spatial deficits have been 

consistently observed in humans and rats with vestibular dysfunction, it is possible that the 

behaviours of bilateral vestibular deafferentated (BVD) rats in anxiety tasks are altered due to 

impaired spatial memory. Therefore, to investigate whether BVD rats are truly experiencing 

anxiety or whether spatial deficits are altering their behaviours, they were given the anxiolytic 

drug, buspirone, and the anxiogenic drug, FG-7142 and tested in a range of anxiety and spatial 

tasks. Twenty male Wistar rats were divided into BVD and sham groups (n = 10 per group). One 

month post-surgery, the animal were tested in the open field maze (OFM), elevated plus maze 

(EPM), and the elevated T-maze (ETM) to measure the level of anxiety, and in the spatial T-maze 

(STM) alteration task to assess their spatial learning and memory performance. A single dose of 

buspirone (0.3 mg/kg), FG-7142 (5 mg/kg) or respective vehicle was administered 30 min before 

each behavioural task using a 4 x 4 Latin square design. During the pre-drug trial, BVD rats spent 

more time in the inner zone of the OFM, spent similar percentage of time in the open arms and a 

similar number of open arm entries in the EPM, and had an impaired learnt inhibitory avoidance 

response in the ETM compared to sham rats during the pre-drug trials. Additionally, BVD rats 

were significantly impaired in spatial memory in the STM alteration task. However, neither drug 

treatment altered the anxiety-related behaviours in either BVD or sham animals, thereby, making 
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it difficult to deciper if BVD rats were experiencing anxiety. The lack of drug effect in the STM 

alteration task revealed that spatial deficits in BVD rats might not be caused through anxiety. 

However, buspirone altered the exploratory behaviour of both BVD and sham rats in the OFM 

and in the EPM, therefore, suggesting a complex involvement between the vestibular system, 

hippocampal function and anxiety. Further studies are required to investigate the association 

between the ventral hippocampus and anxiety in BVD rats.  
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1. Introduction 
 

 

The primary function of the peripheral vestibular system is to detect angular and linear 

acceleration of the head and its orientation in space. The detection of these movements is made 

by the three semicircular canals and the otolith organs (Day & Fitzpatrick 2005) (see Figure 1). 

These signals are transmitted through the vestibulocochlear nerve to areas like the brainstem, the 

vestibular nucleus and the cerebellum, for a better motor co-ordination of balance. Furthermore, 

there are complex connections between the vestibular system and the wider regions of the central 

nervous system, in which the vestibular system exerts secondary influences over regions 

controlling emotions and cognition. The ascending projections from the vestibular nuclei to the 

central amygdaloid nucleus, the infralimbic cortex and the hypothalamus, work together in 

association to regulate emotion and fear (Balaban 2002). There is also evidence of vestibular-

hippocampal connectivity which plays an important role in spatial navigation (Smith et al 2005). 

This is clinically relevant as co-morbidity between vestibular disorders and anxiety/cognitive 

deficit has been found in humans (Brandt et al 2005; Furman & Jacob 2001; Yardley et al 1998). 

Despite the prevalence of anxiety in patients with vestibular disorders, rats with vestibular 

dysfunction behave similarly to rats with reduced anxiety. This difference in behaviour could be 

due to the inability of rat models of vestibular dysfunction to fully represent the symptoms 

experienced by human patients with vestibular disorders. Therefore a detailed investigation into 

anxiety in rats with vestibular dysfunction is required.  
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Angular acceleration is measured through the three semicircular canals (anterior, 

posterior and horizontal canals). The three semicircular canals are arranged in three orthogonal 

planes (Sadeghi 2008), filled with a fluid called the endolymph. At the base of each canal, there is 

a widened sac that forms the ampullae, where the hair cells are enclosed in a gelatinous mass, 

called the cupula (Baloh & Honrubia 2001). As the head rotates, inertia causes the endolymph to 

lag behind, thereby, deflecting the cupula in the same direction as the movement of the 

endolymph (see Figure 1.2).  

 

The otolith organs, which consist of the utricle and saccule, are sensitive to horizontal 

and vertical acceleration, respectively. Each of the otolith organs contains the otolithic membrane 

and the sensory macula (see Figure 1.3). The upper layer of the otolithic membrane boarding the 

1.1. The Vestibular System 

Figure 1.1. Components of the vestibular and the auditory systems. The semicircular canals consist of the 
anterior, posterior and horizontal semicircular canals which sense angular acceleration. The otolith 
organs, which are a combination of the utricle and the saccule, sense linear acceleration. Signals from 
these regions are transmitted to the higher regions of the brain through the vestibulo-cochlear nerve 
(Gleason 2008).  
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endolymph, contains otoconia crystals (Kondrachuk 2001), which are displaced during linear 

acceleration. When this occurs, the displacement of the otoconia bends the stereocilla on the 

macula and causes either excitation or inhibition of the hair cells (Sadeghi 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. A schematic diagram of a semicircular canal. Head rotation (large arrow) causes the 
endolymph to move in the opposite direction at equal magnitude, which deflects the cupula. (Baloh & 
Honrubia 2001) 

Figure 1.3. The structure of the otolith organs. It consists of calcium carbonate crystals (otoconia), 
which bends the stereocilla on the macule when there is linear acceleration (Baloh & Honrubia 
2001).  
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As the hair cells activates, the signals are transmitted through the vestibular nerve, which 

constitutes a part of the eighth cranial nerve, to the vestibular nucleus complex (VNC) in the 

medulla and the cerebellum. The VNC relay signals to the cerebellum, the spinal cord and the 

visual system to generate quick reflexes responsible for ocular stability and posture. The 

vestibulo-ocular reflexes (VORs) are responsible for the stabilization of images on the retina 

during movement, by generating eye movement in the opposite direction of the head movement 

with equal magnitude (Barr et al 1976). The vestibulo-spinal reflexes (VSRs) pathways projects 

from the VNC to the inter-neurons of the spinal cord, to ensure that limbs and neck muscles are 

co-ordinated for balance and posture during body movement (Corneil & Musallam 2008). 

 

The VNC also projects to higher functional centres to regulate emotions and cognition. 

There are prominent dense ascending projections from the vestibular nuclei to the vestibulo-

parabrachial nucleus (PBN), which has reciprocal connections with the central amygdaloid 

nucleus, the infralimbic cortex and the hypothalamus (Balaban 2002) (see Figure 1.4). These brain 

regions are highly important for regulating behavioural responses to fear and emotions, as 

damage to the amygdala, has been established to cause deficits in fear conditioning in humans 

(LeDoux, 2003). More importantly, the PBN has been linked to panic and anxiety disorders 

(Balaban, 2002). Hence there are reasons to believe that vestibular damage can modulate the 

limbic system, and hence emotions. Additionally, it was discovered that vestibular inputs are 

required for spatial memory, as seen in behavioural studies where vestibular lesions produced 

impairment in spatial working memory (Brandt et al 2005). Vestibular inputs to the hippocampus 

are mediated through afferent projections from the VNC to the thalamus, the parietal cortex, the 

perirhinal cortices and the entorhinal cortices (Smith 1997).  
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There are many common causes of vestibular disorders, as shown in Table 1.1. As 

Brandt and Daroff (1980) suggested, vestibular disorders can be classified either as physiological, 

where there is a mismatch in information between the vestibular, visual and somatosensory 

systems, or pathological, where the symptoms are induced by lesions or disruptions to those 

systems.  

 

An example of a physiological symptom of a vestibular disorder that people commonly 

experience is motion sickness. Motion sickness can be explained as a conflict in signal 

transmission between the vestibular and the visual systems (Yates et al 1998). Whilst travelling in 

1.1.2. Vestibular Disorders 

Figure 1.4. A schematic diagram of the vestibulo-parabrachial network. This diagram shows the 
connections between the vestibular nuclei and pathways mediating anxiety responses. (Balaban 2002) 
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a vehicle, the acceleration and movement of the car allows the vestibular system to detect the 

subject’s movement. However, if the subject sits in the back seat, through the visual system 

he/she might detect the environment as stationary. Nausea, therefore, results from the 

conflicting input from the vestibular and the visual systems, which converge at the medulla in the 

brainstem, the region responsible for emesis.  

 

A common peripheral pathological cause of vestibular disorder is benign paroxysmal 

positional vertigo (BPPV), a condition caused by free floating debris of calcium carbonate crystals 

(otoconia) dislodged from the utricle (Tusa 2001). These calcium carbonate crystals can become 

trapped inside the semicircular canals (Tusa 2001). In the vast majority of cases these affect the 

posterior semicircular canal, which detects motion in the sagittal plane (Fetter 1994; Furman & 

Cass 1999), however they can also affect the horizontal and anterior semicircular canals. Vertigo 

and nystagmus are experienced for a brief period of time when the subject is undergoing 

positional changes, either by getting up or bending over. BPPV is the most common vestibular 

disorder and is twice as prevalent in elderly females (Lempert et al 1995). A population-based 

study in Germany estimated a high prevalence with 1.1 million adults in that country suffering 

BPPV per year (Von Brevern et al 2007). A considerable number of participants in that study 

avoided driving or leaving home during these episodes of BPPV. This not only demonstrates the 

substantial emotional distress caused to patients but also reveals a considerable level of disruption 

to normal daily activity. 

 

Central pathological causes of vestibular disorders are due to the disruption of the 

ascending or descending afferent pathways of the vestibular nuclei which connects to the wider 

regions of the central nervous system. Vestibular epilepsy, vestibular migraines, vertigo and 

psychogenic vertigo are all central pathological conditions caused by disruption to the relay 

system between the vestibular nuclei with the ocular motor nuclei, the cerebellum, the thalamus 

and the multisensory vestibular cortex area in the temporoparietal cortex (Dieterich 2007). 
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Common causes of central vestibular disorders are through infarction, hemorrhage and tumors 

(Dieterich 2007). It was discovered that vestibular migraine caused higher psychological strain 

compared to peripheral vestibular disorders like BPPV, vestibular neuritis and Meniere’s disease 

(Best et al 2009). 

 

Despite a number of causes of vestibular disorders, whether physiological or 

pathological, the symptoms of such disorders are fairly similar. These are vertigo, nausea, 

nystagmus and ataxia (Brandt 2000). Vertigo is the patient’s perception of self motion when the 

surrounding environment is stationary. It is relatively common to experience dizziness and hence 

nausea when vertigo is present. Nystagmus is the involuntary movement of the eyes as a result of 

central and peripheral vestibular deficits. Vestibular ataxia is an in-coordination of muscles that 

are responsible for balance and movement. It is caused by an disruption to the VSRs (Brandt 

2000).  

 

Vestibular Disorders: Causes: 

Benign Paroxysmal Positional Vertigo 
Free floating debris of calcium carbonate 
crystals inside the semicircular canals 

Bilateral Vestibulopathy 

Gentamicin toxicity 
Meningitis 
Sarcoidosis 
Acoustic neuroma 

Cervical Vertigo 
Neck injury 
Vascular compression 

Epileptic Vertigo 
Abnormal stimulation of the cortex that has 
connections to the vestibular system 

Labyrinthitis and Vestibular Neuritis Viral or bacterial infection  

Perilymph Fistula 

Head injury 
Pressure trauma 
Congenital 
Infection 

Meniere’s Disease Build up of fluids in the inner ear 

Vestibular Migraine 
Migraine can be triggered by anxiety, stress, 
hypoglycaemia and certain foods 

Mal de Debarquement 
Migraine 
Genetic 

 

 
Table 1.1. Different causes of vestibular disorders. (MedlinePlus 2011) 
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1.1.3. Co-morbidity of vestibular disorders and anxiety 

 

Many patients with balance disorders develop a fear of environments that would 

enhance their symptoms. Both vestibular and visual information are needed for spatial 

orientation, hence being in situations where there is inadequate visual information required for 

spatial orientation will cause anxiety and fear in patients with vestibular disorders.  The 

supermarket syndrome, space phobia and motorist vestibular disorientation syndrome are 

common psychiatric disorders in patients with balance disorders (Jacob et al 1996). The 

supermarket syndrome is an inability to tolerate looking up and down shelves while walking 

down the aisles of the supermarket. This is caused by competing information from the visual and 

vestibular systems (Jacob et al 1989). Space phobia is a fear of falling when being in an open 

space, however it is not due to the lack of physical support, rather it is a lack of visuo-spatial 

support that is causing distress to the subject (Marks 1981). The motorist vestibular 

disorientation syndrome manifests as an aversion to driving on open roads or over the crest of 

hills, as the lack of visual information causes difficulty in spatial orientation. Going to the 

supermarket and driving on open roads are common daily activities; an unsurprising result of 

these disorders is that some patients confine themselves to their homes in order to avoid feeling 

distressed.  

 

In respect of the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) 

(see Table 1.2), patients with vestibular disorders experience a range of anxiety disorders. Many 

patients with supermarket syndrome or space phobia have symptoms of agoraphobia in that they 

avoid specific environments (Jacob et al 1996). However, panic disorders, generalized anxiety 

disorders, and specific phobias have also been diagnosed in patients with vestibular disorders. 

Each anxiety disorder requires different drug treatments, for example, benzodiazepines and 

azaspirone anxiolytics have been shown to be useful against generalized anxiety disorders but are 

not useful in the treatment of panic disorders (Bandelow & Kaiya 2006). Clomipramine was 
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found to be beneficial for patients with panic disorder, but less successful than cognitive 

behavioural therapy (Andrew 2003). Therefore an emphasis on a more thorough diagnosis for 

patients with a co-morbidity of vestibular and anxiety disorders seems necessary and may be of 

considerable utility. 

 

One of the most common failures in clinical diagnostic methods for vestibular-related 

dizziness is that a physician who concentrates first on treating anxiety, may prematurely diagnosis 

a patient with a psychiatric disorder as the cause of the dizziness without examining him/her for 

neuro-otologic illnesses (Staab 2006). On the other hand, physicians who focus only on treating 

the neuro-otologic disorder in the patient might neglect the learned avoidance behaviour towards 

environments that might continue to cause anxiety, like going to the supermarket, even after the 

vestibular symptoms have been alleviated. By acknowledging the existence of co-morbidity 

between vestibular and anxiety disorders, a more successful treatment can be provided allowing 

patients to participate in normal activities. 

 

Anxiety disorders: 

Panic disorder with agoraphobia 

Panic disorder without agoraphobia 

Agoraphobia without history of panic disorder 

Generalized anxiety disorder 

Social phobia 

Specific phobia 

Obsessive-compulsive disorder 

Post-traumatic stress disorder 

Acute stress disorder 

Anxiety due to a general medical condition 

Substance-induced anxiety disorder 

Anxiety disorder not otherwise specified (NOS) 

 

 

Table 1.2. Anxiety disorders as classified under the DSM-IV(APA 2000) 
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1.1.4. Co-morbidity of vestibular disorders and spatial memory deficits 

 

Patients with vestibular impairments perform poorly in path integration tasks and place 

learning, both of which involves the use of spatial working memory (Borel et al 2004; Schautzer 

et al 2003). In a virtual Morris water maze, where the patients had to accurately navigate to a 

hidden platform using visual cues on the computer, bilateral vestibular impaired patients took 

more time and with longer paths to reach the hidden platform compared to the control group 

(Brandt et al 2005), suggesting that vestibular inputs are necessary for spatial navigation. This 

poor performance in the virtual Morris water maze by vestibular impaired patients was associated 

with a permanent hippocampal atrophy of 16.9% (Brandt et al 2005). Similar impairment in 

spatial learning tasks, such as the eight-arm radial maze (Ossenkopp & Hargreaves 1993; Russell 

et al 2003) and foraging tasks (Baek et al 2010) was seen in vestibular deficit rats.  

 

Not only was there a disruption to spatial memory in vestibular impaired subjects, an 

alteration in hippocampal neuronal circuitry was also observed. In an electrophysiological study, 

temporary disruption to the vestibular system by a neurotoxin, tetrotodotoxin, has been proven 

to disrupt the firing of place cells in the hippocampus, which are cells that map spatial locations 

(Stackman et al 2002). Similarly, theta activity, a rhythmic hippocampal EEG oscillation that is 

observed during body movement, was found to be impaired in vestibular lesioned rats (Russell et 

al 2006). These evidences show that vestibular dysfunctions are related to the disruption of 

spatial memory and the neuronal circuitry of the hippocampus. 

 

 

 

 

 

 



 11 

1.1.5. A three-way relationship between the vestibular system, anxiety and spatial memory  

 

In recent years, researchers have been trying to understand the relationship between the 

vestibular system and anxiety disorders as well as between the vestibular system and spatial 

memory. However, the inter-relationship between all three factors is not well documented.  As 

described earlier, various anxiety disorders have been reported in patients with vestibular 

disorders (Jacob et al 1996). Furthermore, vestibular dysfunctions have been linked to spatial 

memory deficits in both humans and rats (Baek et al 2010; Brandt et al 2005). It would seem, 

however, that the existence of connections between spatial orientation and anxiety in patients 

with vestibular disorders have thus far, been neglected in both human and animal research. 

 

There is a possibility that the experience of anxiety in vestibular patients is solely 

responsible for the spatial deficits. Kallai et al., (1995) required patients with either panic disorder 

with agoraphobia or generalized anxiety disorder, with no history of vestibular disorders, to find 

their way back to the starting point after being led into a labyrinth by the experimenter. It was 

discovered that panic agoraphobic patients had greater impairment in their spatial memory 

compared to generalized anxiety disordered patients and normal patients (Kállai et al 1995). 

However, patients with generalized anxiety disorder scored greater on the anxiety scale without 

problems with spatial orientation (Kállai et al 1995). Hence, it is possible that specific anxiety 

disorders can cause impairment in spatial memory, even without the presence of vestibular 

dysfunction. Alternatively, the confusion caused by spatial memory deficits could be causing 

specific anxiety disorders. This three-factor relationship needs to be emphasised more; as not 

only does it provide a deeper understanding of vestibular disorders in humans, but it might also 

provide answers to why there are behavioural differences between humans and rats with 

vestibular disorders (which will be described in later chapters). 
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If we look at the combination of these three factors: vestibular function, anxiety and 

spatial orientations, it remains unclear whether vestibular dysfunction is directly responsible for 

anxiety disorders or whether it is the vestibular disruption to spatial memory that is causing 

anxiety disorders. Additionally, anxiety disorders can be responsible for vestibular-related 

symptoms and spatial disorientation. The complexity of the vestibular system and its connectivity 

to spatial memory and anxiety is simplified in diagram Figure 1.5. 
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Anxiety 
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Figure 1.5. The hypothesized three-way relationship between the vestibular system, anxiety 
behaviours and spatial memory.  
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1.2. Animal models of vestibular disorder 

 

Surgical destructions of the semicircular canals and the otoliths is the most permanent 

and efficient method of causing vestibular dysfunction in an animal model. Bilateral vestibular 

deafferentation (BVD) is a surgical procedure that involves the removal of the tympanic 

membrane, the malleus and the incus as well as the aspiration of the endolymphs from the three 

ampullae of the semicircular canals and the maculae of the utricle and the saccule. The loss of the 

endolymph in the ampullae and the maculae impedes the movement of the sterocilia of the hair 

cells, which are sensory organelles that generate graded excitatory postsynaptic potential (EPSP) 

(Gleason 2008). Surgical destruction through BVD has been proven to cause extensive cilia loss 

in the ampullae and the maculae (Zheng et al 2006). Behaviourally, BVD surgery causes 

permanent deficits in aspects of spatial memory relating to path integration in male Wistar rats, 

even after allowing 14 months of recovery (Baek et al 2010).  

 

1.2.1. The measurement of anxiety in animals 

 

Anxiety is only one element to the multidimensional components of emotionality (Ohl 

et al 2001). Therefore, a specific battery of anxiety-related tasks is required to separate anxiety 

from other dimensions of emotional behaviour that could confuse the overall interpretation. For 

instance, the animal’s tendency to locomotion and its motivation to explore can influence 

behaviours related to anxiety. Tests that can be used to effectively and distinctively measure 

anxiety in animals include the open field maze, the elevated plus maze and the elevated T-maze. 

These behavioural tasks have been thoroughly validated in testing different aspects of anxiety 

through pharmacological intervention (Cruz et al 1994; Graeff et al 1998; Kállai et al 1995; Prut 

& Belzung 2003).  
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1.2.2. Open field maze 

 

The open field maze (OFM) is a paradigm where an animal is placed into an unknown 

environment where escape is prevented by surrounding walls. Commonly, the OFM consists of a 

square box, 60 (width) by 60 (length) cm with a 35 cm high wall. There are other versions 

available, varying in shapes and sizes. However, generally the OFM measures anxiety and 

exploratory behaviour through forced confrontation with an unfamiliar surrounding (Prut & 

Belzung 2003). A free-ranging rodent in its natural environment has a tendency to remain close 

to objects or boundaries as a natural defence mechanism (Treit & Fundytus 1988), this is referred 

to as thigmotaxis. Therefore, time spent in the outer area of the OFM, where it is close to the 

surrounding wall, is a classic anxious response in both rats and mice when placed in the OFM.  

Conversely, time spent in the inner and middle zones represents risk taking and risk assessment 

behaviours, respectively (Goddard 2007). Classic anxiolytic drugs like benzodiazepines and 5-

HT1A receptor agonists reduce anxiety in rodents as they spend more time in the inner zone of 

the maze (Prut & Belzung 2003).  

 

Exploratory behaviour in the OFM can be measured by the number and duration of 

wall-supported and unsupported rearings. Rearing behaviour by a rat is a form of novelty 

searching and risk assessment (Lever et al 2006). Somatosensory information is gathered through 

wall-supported rearing while unsupported rearing gathers visual, olfactory and auditory 

information (Lever et al 2006). Rearing is a complex behaviour and can be influenced by a 

combination of factors such as fear, hunger and locomotion, however, rearing cannot be 

influenced by anxiety alone. For example, a study using high rearing and low rearing rats found 

no difference in the time spent in the three zones of the OFM (Thiel et al 1999). Additionally, no 

difference in performance between high and low rearing rats was found in the elevated plus maze 

(EPM), indicating that the anxiety levels experienced by high and low rearing rats was similar 

(Thiel et al 1999). The reason for measuring rearing is that it indicates changes in locomotion and 
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arousal from the side effects of drugs. For example, diazepam is widely known for causing 

sedation in humans and in rodents (Longo & Johnson 2000). The sedative effect of drugs can 

alter the time spent in each zone of the OFM, thereby causing a misinterpretation of the drug 

effect in relation to anxiety. 

 

1.2.3. Elevated plus maze 

 

The elevated plus maze (EPM) consists of two open arms without surrounding walls 

and two enclosed arms with walls, supported on an elevated platform. An indication of anxiety in 

rodents on the EPM is shown by the aversion towards the open arms of the maze compared to 

the enclosed arms. Since the open arms do not have surrounding walls, the combination of 

thigmotaxis and the fear of falling explains the aversion of the rats to open arms (Carobrez & 

Bertoglio 2005). The EPM represents a model of state, unconditioned anxiety, where anxiety is 

triggered by being in an unknown environment. A significant increase of 153% in corticosterone 

levels was seen in male Wistar rats that were exposed to the EPM when compared to rats in their 

normal home cage (Rodgers et al 1999). The EPM can detect the anxiolytic effect of 

benzodiazepines and selective serotonin reuptake inhibitors, as well as the anxiogenic effects of 

benzodiazepine partial inverse agonist (Rodgers et al 1999).  

 

1.2.4. Elevated T-maze 

 

Introduced in 1990s, the elevated T-maze (ETM) is a model of anxiety that represents 

pathological anxiety. Both the OFM and EPM represent ‘state’ anxiety, a normal anxious 

response when faced with an unfamiliar environment or predators. On the other hand, ‘trait’ 

anxiety reflects a proneness to anxiety due to individual personality (Spielberger 1996). The 

responses to external stimuli that are seen as fearful are heightened in subjects with ‘trait’ anxiety 



 16 

compared to ‘state’ anxiety, and this fear can persist. Pathological anxiety like generalized anxiety 

disorder and panic disorder cannot be examined through models that only measure ‘state anxiety’. 

Therefore the ETM was developed to incorporate ‘trait’ anxiety.  

 

The ETM consists of three arms positioned above the ground. The arm with enclosed 

walls is positioned perpendicular to the two open arms.  By placing the animal in the enclosed 

arm multiple times over consecutive trials, the animal will learn to avoid the open arms by 

remaining in the enclosed arm; this is called inhibitory avoidance. Inhibitory avoidance is a 

learned conditioned fear which resembles generalized anxiety disorder, a clinical disorder of 

excessive anxiety and worry, occurring frequently for at least six months (APA 2000). This 

resembles human patients with vestibular disorders, as they avoid certain environments due to 

anticipatory anxiety, in other words, ‘approach-avoidance-conflict’. Additionally learned 

inhibitory avoidance allows the assessment of emotional memory (Viana et al 1994). 

 

When the animal is placed on one of the open arms, its exit towards the enclosed arm is 

seen as an escape response (Zangrossi & Graeff 1997). This innate fear of the open arms is said 

to represent unconditioned fear, a fight or flight response (Deakin & Graeff 1991). This defence 

system involving the hypothalamic-pituitary-adrenal (HPA) axis is said to trigger a response 

similar to panic disorders (Abelson et al 2007). Patients with panic disorder have described their 

fear as intense with a strong desire to escape from the situation (APA 2000).  

 

In addition to being able to separate the pathological anxiety disorders from ‘normal’ 

anxiety, the ETM can differentiate between different drug treatments that are used for combating 

anxiety disorders. Benzodiazepines and azaspirone anxiolytics have demonstrated the ability to 

impair inhibitory avoidance without affecting escape responses (Graeff et al 1998). Similar to 

human clinical studies, it has been shown that those drugs are only effective in patients with 

generalized anxiety disorder and ineffective in patients with panic disorder (Bandelow & Kaiya 
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2006; Seddon & Nutt 2007). On the contrary, chronic administration of non-selective serotonin 

reuptake inhibitors, such as clomipramine and fluoxetine, was found to impair escape responses 

without impairing inhibitory avoidance (Poltronieri et al 2003). Hence, the ETM is able to 

differentiate between different classes of drugs for the treatment of generalized anxiety disorder 

and panic disorder. 

 

1.2.5. The measurement of spatial memory through spatial T-maze alternation task 

 

The spatial T-maze (STM) alternation task involves a period of training and testing 

sessions where the animal is required to learn to alternate between two arms for food reward. 

The ability to alternate between arms indicates learned spatial memory. This behavioural task is 

performed on a maze with three arms of equal length, width and height, in the shape of a T, 

positioned above the ground. The starting area consists of a 10 x 10 cm area at the distal end of 

the arm that is perpendicular to the two other arms, separated by a removable barrier. During the 

sample run, one of the two arms is chosen randomly and blocked with a removable barrier. The 

animal is forced to enter the opposite arm and is allowed to eat the food reward. During a 

subsequent choice run, the barrier is removed from the previously blocked arm, allowing the 

animal to choose between the two arms. The correct response is obtained when the animal 

chooses the arm that they have not entered on the sample run and hence rewarded with food. If 

the animal chose to go into the same arm as the arm during the sample run, this was recorded as 

an incorrect response. Since the sample and choice runs are completed in succession, it allows a 

measure of ‘working memory’, as the response in the choice run relies on what they have 

previously performed in the sample run (Deacon & Rawlins 2006). The STM alternation task is 

an alterative test for spatial memory to the Morris water maze, without the need to exhaust the 

animal through swimming. 
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1.3. Behavioural characteristics of BVD rats 

 

Through the battery of anxiety tasks described above, recent studies have shown 

consistent behaviours of BVD rats resembling rats with reduced anxiety. On the OFM, BVD 

animals of three weeks, three months and five months post-op, spent significantly more time in 

the inner and middle zones compared to sham rats (Goddard et al 2008a). Likewise, rats with 

genetic vestibular loss exhibited similar zone movements (Lindemann et al 2007), thereby 

indicating a higher level of risk taking and risk assessments. In terms of exploratory behaviour, 

reduced rearing was seen in BVD animals (Goddard et al 2008a). Furthermore, the distance 

travelled and velocity of travel were significantly greater in BVD rats compared to sham animals, 

with 49% increase in the distance covered at a 53% rise in the velocity of BVD rats at five 

months of age (Goddard et al 2008a).  This increase in velocity might influence the measures of 

exploratory behaviours like rearing, as evidence has shown that hyperkinesias can reduce rearing. 

Therefore the reduction of wall-supported rearings in BVD rats may not be due to a decrease in 

exploratory motivation but a result of hyperkinesias.  

 

Behavioural results in the EPM indicated anxiolysis in BVD rats, as three and five 

months post-op rats resided mostly in the open arms of the EPM as opposed to the behaviours 

of sham rats (Zheng et al 2008). Equally, the number of open arm entries was significantly higher 

in BVD rats (Zheng et al 2008).  

 

On the ETM, BVD rats were unable to learn inhibitory avoidance. In contrast, sham 

animals learnt to avoid leaving the enclosed arm over repeated trials (Zheng et al 2008). The 

inability to learn this particular conditioned fear of the open arms suggests that BVD rats might 

not experience aspects of trait anxiety like generalized anxiety disorder. However, with the escape 

response, the time required to leave the open arms was similar in both BVD and sham animals 
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(Zheng et al 2008). This escape response demonstrates the ability of BVD rats to experience an 

unconditioned fear that is innate in rodents and humans, which reflects aspects of panic disorder.  

 

In the STM alternation task, BVD rats made more incorrect responses than sham 

animals (Zheng et al 2007). Sham rats at three weeks post-surgery were able to learn the task and 

reach a 90% correct response after two sessions of training. BVD rats, however, remained at the 

chance level of 50% even after 20 days of training. Their spatial memory deficits did not improve 

over time, as BVD rats at three and five months post-surgery exhibited significantly more 

incorrect responses than sham rats. These results reinforce the theory that vestibular inputs are 

essential for spatial information in the hippocampus.  

 

1.4. Possible theories on the differences between humans and rats with vestibular disorders 

 

Humans with vestibular disorders experience various anxiety disorders, which is 

comparatively different to rats, whereby, rats with vestibular deficits behaved similar to rats with 

reduced anxiety. These differences in the experience of anxiety-related behaviours in humans and 

in rats with vestibular disorders have been observed in many studies, but the reason for these 

differences has never been fully explained.  

 

If the correlation between vestibular disorders and anxiety appears only in humans, then 

the appearance of anxiety might purely be a consequence of sociological pressure rather than 

pathological changes from vestibular damage. However, various lines of evidence have indicated 

the importance of vestibular inputs to the limbic system. The disruption of these neuronal 

pathways has been linked to panic and anxiety disorders in humans (Balaban 2002). Similarly, 

changes in the expression of monoamine transporters like the serotonin transporter (SERT) and 

tyrosine hydroxylase have been found in the frontal lobe and hippocampus of BVD rats 
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(Goddard et al 2008b). Therefore, it seems that pathological changes in regions controlling 

emotionality are occurring in both humans and rats.   

 

In order to fully investigate whether BVD rats are experiencing anxiety and spatial deficits, 

anxiolytic and anxiogenic drugs were administered to BVD rats during anxiety and spatial 

memory tasks in this project. 

 

If BVD rats are experiencing anxiety, a probable theory to explain the differences in 

anxiety-related behaviours between BVD rats and humans with vestibular disorders is that the 

traditional interpretation of behaviours in the OFM, EPM and ETM are restricting. Time spent 

in the inner zone of the OFM, on the open arms of the EPM and the inability to learn inhibitory 

avoidance, are indicators of anxiolysis. However, this interpretation might be confounded when 

we take into consideration the presence/effect of agoraphobia. Vestibular deficit patients with 

agoraphobia tend to avoid environments that might escalate their symptoms, for example areas 

where there is a lack of spatial information. If this theory is applied to BVD rats, then being close 

to barriers might resemble humans’ response when standing directly in front of a supermarket 

shelf, which might cause similar distress. Hence BVD rats may spend more time in the inner 

zone of the OFM and the open arms of the EPM and ETM as it might reduce their anxiety. If 

this is the case, the behaviour of BVD animals on the OFM, EPM and ETM should only be 

modulated by an anxiolytic drug.   

 

Another possible theory is that BVD rats are experiencing anxiety, but their anxiety-

related behaviours are masked by their spatial deficits. Since BVD rats have poor spatial memory, 

they might not be able to differentiate between the different zones of the OFM or between the 

open and enclosed arms of EPM and ETM. If this is the case, the behaviour of BVD animals on 

OFM, EPM and ETM should not be modulated by either anxiolytic or anxiogenic drugs. 
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Similarly, if anxiety is causing spatial deficits then anxiolytic drug treatment might improve spatial 

memory in the STM alteration task.  

 

Lastly, BVD rats could simply not experience anxiety and changes in anxiety-related 

behaviours could be due to altered motor activity. There have been discrepancies found in the 

locomotive behaviours of BVD rats and humans with vestibular disorders. The distance travelled 

and velocity of travel was significantly higher in BVD rats (Goddard et al 2008a), while humans 

with vestibular disorders tend to move more slowly for fear of falling and dizziness (Beidel & 

Horak 2001). If this is the case, it suggests that anxiety experienced in patients with vestibular 

disorders might not be caused directly by vestibular dysfunction, but a consequence of distress 

associated with vestibular symptoms. Therefore, the behaviour of BVD animals on the OFM, 

EPM and ETM should only be modulated by an anxiogenic drug. 

 

1.5. Anxiolytic and Anxiogenic Drugs 

 

Benzodiazepines like diazepam have been used extensively to reduce anxiety. Its efficacy 

in reducing anxiety remains inconclusive due to its other well known effects like sedation, 

anticonvulsant effects and muscle relaxation (Barlow 2002). Additionally, sudden withdrawal 

from benzodiazepines has been shown to cause an elevation of anxiety in humans. Therefore, to 

avoid the problem of sedation, other classes of anxiolytic drugs have been used in this study. 

Introduced in the United States in 1986, buspirone, an azaspirone anxiolytic, has been found to 

be more effective in treating generalized anxiety disorders compared to diazepam (Rickels 1982). 

Furthermore, it does not have the same side effects as benzodiazepines, like cognitive 

impairment (Lucki et al 1987). The mechanistic action of buspirone is through the serotonergic 

5HT-1A receptors, as an agonist on the pre-synaptic receptors and as a partial agonist on the 

postsynaptic receptors (Schreiber & De Vry 1993b). The pre-synaptic 5HT-1A autoreceptors are 
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located in the dorsal and median raphe nuclei of the brainstem, with innervation to the forebrain 

(Schreiber & De Vry 1993a). The anxiolytic effect of busprione through the activation of pre-

synaptic 5HT-1A autoreceptors results in an inhibition of cell firing activity, and consequently, 

cause a decrease in 5HT neurotransmission (Schreiber & De Vry 1993a). The postsynaptic 5HT-

1A receptors are present in the limbic system of the hippocampus and the septum (Schreiber & De 

Vry 1993a). It has been suggested that buspirone acts as a partial agonist on the postsynaptic 

5HT-1A receptors, which will then, induce a hyperpolarization of the cell membrane, and 

subsequently causing a decrease in cell firing and 5-HT neurotransmission (De Vry 1995). The 

reduction in 5-HT is likely to only occur during the initial phase of treatment, where anxiousness 

are seen in patients, however, once the pre-synpatic 5HT-1A autoreceptors are desensitized after 

weeks of treatment, the increase in 5-HT neurotransmission is said to be responsible for the 

anxiolytic effect (Graeff et al., 1997).  This has been correlated to an anxiolytic behaviour in 

animals models of anxiety, like in the OFM (Prut & Belzung 2003), EPM (Rodgers & Dalvi 1997) 

and ETM (Graeff et al 1998).  

 

Not only does buspirone have an anxiolytic effect, it prevents motion sickness and 

cisplatin-induced vomiting (Lucot & Crampton 1987). This suggests the input of 5HT-1A 

receptors in the emetic centre of the brainstem. It is possible that it requires the combination of 

anxiolytic and anti-emetic effect of buspirone to relieve a patient with motion sickness. 

 

Therapeutic effect of buspirone occurs after several weeks of treatments in human 

patients, however, a single dose of buspirone at 0.3mg/kg in rats produced an anxiolytic effect in 

the OFM (Siemiatkowski et al 2000) and in the ETM (Graeff et al 1998). Therefore, a single 

treatment of buspirone prior to behavioural test is sufficient for this experiment.  

 

In terms of anxiogenic drugs, there are a considerably smaller number of drugs available 

for use in animal models. The classes of drugs that produce symptoms of anxiety include 
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benzodiazepine inverse agonists, nonselective 5HT-2C receptor agonists, adenosine receptor 

antagonists and α2-adrenoceptor antagonists. The most commonly used drug is FG7142, a drug 

that binds to the benzodiazepine site on GABA-A receptors and has an inverse agonist action. 

Upon administration, it produces anxiogenic behaviours like agitation, elevation of heart rate and 

blood pressure, and a significant rise in plasma cortisol (Thiébot et al 1988). FG-7142 also 

produces a dose-related increase in dopamine release in the nucleus accumbens, which 

contributes to the exacerbation of anxiety (McCullough & Salamone 1992). The anxiogenic effect 

of FG-7142 has been validated in the OFM (Prut & Belzung 2003), EPM (Cruz et al 1994) and 

the ETM (Graeff et al 1998).  

 

Therefore, buspirone and FG-7142 were used in this study as anxiolytic and anxiogenic 

drugs, respectively. 

 

 

 



 24 

1.6. Aims  

 

While anxiety-related behaviours have been investigated in rats with bilateral vestibular 

loss, the reasons for the appearance of reduced anxiety have never been fully explained. Even 

though spatial deficits have been consistently observed in both human patients and rats with 

vestibular deficits, it is possible that spatial deficits have influences on behaviour in anxiety-

related tasks, and vice versa, where anxiety could be responsible for the appearance of spatial 

deficits. Therefore, the aim of this research project was to investigate the effects of the anxiolytic 

drug, buspirone, and the anxiogenic drug, FG-7142 in rats with bilateral vestibular loss, in anxiety 

and spatial behavioural paradigms, in order to decipher whether rats with bilateral vestibular loss 

are experiencing anxiety.  
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2. Methods 

 

 

 

Twenty male Wistar rats (300-370g) were obtained from the Hercus Taieri Resource 

Unit, Dunedin, New Zealand. Animals were randomly allocated to BVD (n=10) or sham surgery 

conditions (n=10). At the time of surgery, animals weighed between 335-410g. Behavioural 

testing began at one month post-surgery, allowing sufficient time for the animals to recover. 

Animals were maintained under a 12:12 h light/dark cycle at 22º C with free access to food and 

water. While recovering from surgery, the animals were housed individually. Two weeks before 

behavioural testing, they were housed in either groups of two or three within their surgery groups 

for the remainder of the experiment. All procedures were approved by the University of Otago 

Animal Ethics Committee (05/10). 

 

During the recovery period from surgery, two BVD animals died from unknown causes. 

The autopsies remained inconclusive. Therefore, eight BVD and ten sham animals were used for 

behavioural testing. 

 

 

 

In all surgical procedures, animals were anesthetized with fentanyl citrate (300 µg/kg, 

s.c.) and medetomide hydrochloride (300 µg/kg, s.c.). Atropine (0.05 mg/kg, s.c.) was given to 

control respiratory secretion during anaesthesia. Xylocaine (with 1:100,000 adrenaline) was 

injected around the wound margins. Carprofen (5 mg/kg, s.c) and strepsin (0.1 mL per rat, s.c.) 

were used for post-operative analgesia and infection, respectively.  

 

2.1. Animals 

2.2. Surgical procedures 
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Complete BVD surgeries were performed by Dr Yiwen Zheng, under microscopic 

control as described in detailed elsewhere (Zheng et al 2007; 2008). In brief, the tympanic bulla 

was exposed to allow for the removal of the tympanic membrane, malleus and incus. Once the 

stapedial artery was cauterized; the horizontal and anterior semicircular canal ampullae were 

drilled open. The fluids in the canal ampullae, utricle and saccule were aspirated and the temporal 

bone was sealed with dental cement. Through histological studies, this surgical procedure has 

been proven to cause complete destruction of vestibular sensory system (Zheng et al 2006).   

 

For the sham surgery, the temporal bone was exposed and the tympanic membrane 

removed. The removal of the tympanic membrane served as an auditory control; however this 

procedure did not cause vestibular lesions (Zheng et al 2006).      

   

The surgery for each ear was performed one after the other, with an approximately of a 

duration of thirty minutes for each ear. With each rat, the choice of which ear to perform first 

was alternated. 

 

 

 

Buspirone hydrochloride (Sigma, USA), an azapirone anxiolytic, was dissolved in 

methanol to make a stock concentration of 2.4 mg/mL. The stock solution was aliquotted and 

stored at -20º C. The stability of the stock solution was previously demonstrated by Gannu et al 

(2009), showing a residue of 99% buspirone hydrochloride remaining in the stock solution after 

20 days storage at 4° C. On each experimental day, the stock solution was diluted with saline to 

give a concentration of 0.06 mg/mL. Buspirone hydrochloride was administered to the animal at 

a dose of 0.3 mg/kg s.c, 30 minutes prior to behavioural testing. FG-7142 (N-Methyl-b-

Carboline-3-Carboxamide; Sigma, USA), an anxiogenic compound, was dissolved in a (1:100) 

ratio of Tween20 to distilled water to give a concentration of 2.5 mg/mL. This solution was 

2.3. Drugs 
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made each day and was suspended in ultrasound prior to injection. FG-7142 was administered to 

the animal at a dose of 5 mg/kg s.c, 30 minutes prior to behavioural testing. Methanol: saline 

(1:40) and Tween20: distilled water (1:100) were used as vehicle controls for buspirone 

hydrochloride and FG-7142, respectively. These were administered s.c. 30 minutes prior to 

behavioural testing.  

 

   

 

The animals were tested in the OFM, EPM and ETM in the light cycle to measure the 

level of anxiety and in the STM alternation task to assess spatial learning and memory 

performance. Since the STM alternation task requires a period of training, spatial memory was 

assessed after the completion of the OFM, EPM and ETM. Each behavioural task began with 

pre-drug testing for baseline measurements.  

 

In order to reduce the numbers of animals used whilst obtaining maximal results, it was 

decided that a 4 x 4 Latin square design would be used, i.e., 4 animals x 4 treatments (Buspirone, 

saline/methanol, FG-7142 and DW/Tween20). This meant that each behavioural task was 

repeated 4 times (trials) during which each animal received every treatment once, in a chosen 

order. Therefore, this experimental design controls for individual variation among the animals, 

the order effect of each treatment as well as reducing the number of animals used. Table 2.1 

shows an example of the 4 x 4 Latin square designs for one behavioural task.  

 

Previously, repeated exposure to the same maze, particularly the EPM, has been shown 

to cause ‘one-trial tolerance’, where the effects of anxiolytic drugs on repeated trials did not 

reduce anxious behaviours (File et al 1990). This occurrence was not due to drug tolerance but 

was a result of learnt behaviour in the initial trial. Therefore repeated exposure to the same maze 

will cause an habituation of exploratory behaviour (Dawson et al 1994). However, a 3 week 

2.4. Behavioural Testing 
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interval between trials, in combination with re-testing in a novel environment, can prevent ‘one-

trial tolerance’ (Adamec & Shallow 2000). Therefore, in this experiment, each trial for one 

behavioural task was conducted every three weeks in a novel environment; hence, a trial from a  

different behavioural task was carried out each week. The order for those behavioural tests is 

presented in Table 2.2.  

Rat Surgery Behavioural Trials 

    1 2 3 4 

1 BVD Saline Buspirone FG-7142 DW/Tween20 

3 BVD Buspirone FG-7142 DW/Tween20 Saline 

5 BVD FG-7142 DW/Tween20 Saline Buspirone 

6 BVD DW/Tween20 Saline Buspirone FG-7142 

            

9 BVD Saline Buspirone FG-7142 DW/Tween20 

11 BVD Buspirone FG-7142 DW/Tween20 Saline 

13 BVD FG-7142 DW/Tween20 Saline Buspirone 

15 BVD DW/Tween20 Saline Buspirone FG-7142 

            

2 Sham Saline Buspirone FG-7142 DW/Tween20 

4 Sham Buspirone FG-7142 DW/Tween20 Saline 

7 Sham FG-7142 DW/Tween20 Saline Buspirone 

8 Sham DW/Tween20 Saline Buspirone FG-7142 

            

10 Sham Saline Buspirone FG-7142 DW/Tween20 

12 Sham Buspirone FG-7142 DW/Tween20 Saline 

14 Sham FG-7142 DW/Tween20 Saline Buspirone 

16 Sham DW/Tween20 Saline Buspirone FG-7142 

            

18 Sham Saline Buspirone FG-7142 DW/Tween20 

20 Sham Buspirone FG-7142 DW/Tween20 Saline 

Table 2.1. Four 4x 4 Latin squares showing the order of the drugs given to each animal during 4 
trials of one behavioural task.  
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Weeks Behavioural Tests 

1 Pre-drug OFM 

2 Pre-drug EPM 

3 Pre-drug ETM 

4 OFM Trial 1 

5 EPM Trial 1 

6 ETM Trial 1 

7 OFM Trial 2 

8 EPM Trial 2 

9 ETM Trial 2 

10 OFM Trial 3 

11 EPM Trial 3 

12 ETM Trial 3 

13 OFM Trial 4 

14 EPM Trial 4 

15 ETM Trial 4 

16 Begin STM Alteration Task 

Table 2.2. The order of the behavioural tasks performed. 
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2.4.1. Open field maze 
 

Apparatus: The test was conducted using a square wooden box with dimensions of 60 

(width) x 60 (length) x 20 cm (height), positioned 100 cm above the ground. The base was 

painted black and separated into 36 equal-sized boxes by red lines. The walls of the maze were 

painted grey. Five mm thick transparent perspex walls measuring 15 cm in height were fixed onto 

the existing wall to prevent animals from escaping. The red lines divided the box into three 

zones: outer, middle and inner zone (Figure 2.1). White noise generated from a speaker 

positioned underneath the box, masked ambient peripheral sound. Each trial was recorded by 

Ethovision XT 6.0 tracking software, which tracks and analyzes the animals’ movement online.   

 

Procedure: Each animal was placed in one of the corners facing the centre and was 

allowed to explore the apparatus for a total of 10 min. Each week the animal was placed in the 

maze from a different corner. The apparatus was wiped with mild detergent between each animal 

to remove traces of odour. The time in the three zones, the distance travelled and the velocity of 

locomotion was analyzed online using Ethovision XT 6.0 tracking software. The number and the 

duration of wall-supported and unsupported rearings were analyzed manually.  

 

 

 

 

 

 

 

 



 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. A schematic diagram of the three zones of the OFM.  
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Apparatus: The EPM consists of four arms perpendicular to each other (Figure 2.2), 

positioned 100 cm above the ground. The walls and base of the maze were painted black. Each 

arm was 50 cm in length and 10 cm in width. Two of the arms, 180º apart, were enclosed by a 40 

cm high wall without ceilings (enclosed arms). The other two arms were fitted with a 1 cm 

perspex edge to prevent animals from falling off (open arms). The four arms were separated by 

the maze centre (10 x 10 cm). White noise generated from a speaker positioned underneath the 

apparatus, masked ambient peripheral sound. Each trial was recorded by Ethovision XT 6.0 

tracking software, which tracked and analyzed the animals’ movement online.  

 

Procedure: Each animal was placed at the centre of the maze, facing one of the open arms 

and left to explore for a total of 10 min. The apparatus was sanitized between each animal with 

mild detergent and warm water to remove traces of odour. Time spent in and number of entries 

to each arm were recorded and analyzed online using Ethovision XT 6.0 tracking software. Open 

arm activity was calculated as the percentage of time in or the percentage of entries into the open 

arms. The number of total arm entries was the combination of entries into both open and 

enclosed arms. The distance travelled in the EPM was also analyzed online using Ethovision XT 

6.0 tracking software. 

 

 

2.4.2. Elevated plus maze 
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Figure 2.2. A schematic diagram of the EPM.  
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2.4.3. Elevated T maze 

 

Apparatus: The ETM uses the same apparatus as the EPM but with one of the enclosed 

arms partitioned off (Figure 2.3). The remaining enclosed arm was enclosed by a 40 cm high wall 

and was situated perpendicularly to the two opposite open arms that were fitted with a 1 cm 

perspex edge. The apparatus was positioned 100 cm above the floor. White noise generated from 

a speaker positioned underneath the apparatus, masked ambient peripheral sound. Each trial was 

recorded by Ethovision XT 6.0 tracking software, which tracked and analyzed the animals’ 

movement online.  

 

Procedure: To measure inhibitory avoidance, the animal was placed at the distal end of the 

enclosed arm facing the centre. The baseline latency was measured as the time it took for all four 

paws of the rat to leave the enclosed arm onto the centre of the maze. This measurement was 

repeated twice at 30 s intervals. Following inhibitory avoidance, the animal was placed at the end 

of one of the open arms as a means of measuring escape. The time for the animal to leave the 

open arm into the centre of the maze was measured. This was repeated twice at 30 s intervals. 

Between rats, the animal was placed on alternate open arms. A cut-off time of 300 s was used for 

both avoidance and escape latencies. The apparatus was sanitized between each animal, with mild 

detergent and warm water to remove traces of odour. 
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Figure 2.3. A schematic diagram of the ETM.  
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2.4.4. Spatial T-maze alteration task 

 

Apparatus: The STM has three arms, 50 cm in length, 10 cm in width and 20 cm in 

height, positioned 100 cm above the ground (Figure 2.4). The starting area was designated to be 

the arm that was perpendicular to the two other arms. A removable barrier was placed 25 cm 

from the end of the starting area to serve as a gate. The two other arms contained a small plastic 

bottle cap at the end of each arm, used as a food well. These two arms were allocated as either A 

or B. The opening of these two arms could be blocked off with removable barriers. Sucrose 

tablets (Noyes sucrose reward tablet, 45 mg pellets, Research Diet, Inc., USA) were used as food 

reward. 

 

Procedure: The animals were food-deprived and maintained at 85% of their expected 

body weight prior to testing. They were given 15 g of food per day to maintain their body weight. 

Once the rats reached their goal weight, they habituated in the maze for two days, 10 min each 

session. During habituation, each food well was baited with generous amount of sucrose pellets. 

This was to encourage exploration and to establish that the sucrose pellets were indeed food. 

After habituation, each animal underwent training for eight days, with eight trials per day. Each 

trial was separated into two parts, a sample run followed by a choice run. Immediately before 

each trial, three sugar pellets were put into the food well of both arms A and B. During the 

sample run, either arm A or B was blocked off with a removable barrier. The arm chosen for 

each sample run was randomly allocated using a random number generator. The animal was then 

positioned in the starting area with the barrier in place. Once the barrier to the starting area was 

removed, the animal was forced to go into the pre-selected arm and allowed to eat the sucrose 

pellets. The animal was then put back into the starting area with the barrier in place for 10 s. 

During the choice run, the barrier was removed from either arm A or B and the animal was free 

to choose to enter one of the two arms. If the animal chose to go into the same arm as the arm 

during the sample run, then this was recorded as an incorrect response. With an incorrect 
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response, the animal was confined to that arm for 10 s as punishment before returning it to its 

cage. If the animal chose to go into the opposite arm to the one in the sample run, then this was 

recorded as a correct response. The animal was allowed to eat its sucrose pellets as a reward 

before being returned to its cage. Eight days of training were completed to make sure that the 

sham animals reach the criterion, which was obtaining a 90% correct response for three 

consecutive days. After the criterion was reached, drug testing commenced. 

 

During drug testing days, the same testing procedure was followed as during training. 

Each day of drug testing was followed by a three day washout period where the animals 

continued to be tested. A three day washout period was chosen to see if the drugs had any long 

lasting effect on spatial memory. Since we were using the 4 x 4 Latin square design, there were 

four separate drug testing days, each followed by three days of post-drug testing.  

 

The numbers of correct responses were analyzed for each day. 
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Figure 2.4. A schematic diagram of the STM alternation task with Arm A blocked off during the 
sample run. 
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2.5. Data Analysis 

 

All the behavioural data were first tested for normality, and log or square root 

transformed in SPSS19 if necessary. Data for pre-drug were analyzed separately from drug 

treatments in order to obtain a behavioural baseline. The data from the anxiolytic drug buspirone 

were analyzed in relation to its control, saline.  The data from the anxiogenic drug FG-7142 were 

analyzed in relation to its control, DW/Tween20. 

 

2.5.1. Open Field 

 

For zone analysis, individual variables and interactions with multiple variables were 

analyzed using a linear mixed model (LMM), with a restricted maximum likelihood procedure in 

SPSS19. Due to the repeated behavioural measures from multiple drug treatment trials, LMM 

analyses were preferable to repeated measures analysis of variance (ANOVAs), as LMM 

recognises that data over time can be dependent on each other (Gurka & Edwards 2008). 

Additionally, LMM allows unequal variances, missing data and unequal animal groups. The 

smallest Akaike’s information criterion (AIC) was used to select the best model for covariance 

structure as the smallest AIC difference resembles the best approximation to reality (Posada & 

Buckley 2004). LMM allows the input of fixed and random effects which allows the separation of 

variation due to drug treatments (fixed) or variation due to individuals (random). Therefore, 

surgery, drug treatment and zones were defined as fixed effects while trial, as a function of time, 

was defined as a random effect.  

 

For supported rearing, unsupported rearing and distance travelled, all the data during 

drug treatment were analyzed using LMM as described above. The data during the pre-drug trial 

were analyzed using an independent sample t-test in SPSS19 in order to compare the changes in 

supported and unsupported rearing between BVD and sham animals.  
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2.5.2. Elevated plus maze 

 
 

For the pre-drug trial, the data were analyzed using an independent sample t-test in 

SPSS19. During drug treatment trials, the data were analyzed using LMM in SPSS19. Surgery and 

drug treatments were defined as fixed effects while trial was defined as a random effect.  

 

2.5.3. Elevated T-maze 

 

For both avoidance and escape data, the pre-drug trial and drug treatment trials were 

analyzed using LMM in SPSS19. Surgery, drug treatments and avoidance/escape trials were 

classified as fixed effects. Trials over the weeks of behavioural testing were classified as a random 

effect. 

 

2.5.4. Spatial T-maze alternation task 

 

For the eight days of training (pre-drug), a two way ANOVAs in SPSS19 was used to 

analyze the data. Surgery and days were defined as the fixed factors.  

 

A three way ANOVAs in SPSS19 was used to analyse the effects of drug treatment on 

correct responses during the drug injection day and how it compared to the average of the last 

three days of pre-drug and the three days following drug injection. The last three days of the pre-

drug testing were chosen as the sham animals had reached a stable correct response level of 90% 

over three consecutive days. Surgery, drugs and time were the fixed factors. 
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3. Results 

 

 

 

 

 

 

A significant surgery x zone interaction was seen during the first minute and the total 

ten minutes in the OFM, where BVD rats spent more time in the inner and middle zones 

compared to sham rats (F[2, 15.989] = 39.394, P = 0.000 and F[2, 16.287] = 12.471, P = 0.001, 

respectively; Figure 3.1 and Figure 3.2). Sham rats resided mostly in the outer zone of the OFM.  

 

BVD rats made significantly fewer supported and unsupported rearings compared to 

sham animals (t16] = -4.374, P = 0.000, and t[16] = -4.527, P = 0.000, respectively; Figure 3.3 and 

Figure 3.5). Similarly, the duration of supported and unsupported rearing was significantly 

reduced in BVD rats compared to sham rats (t[16] = -6.645, P = 0.000 and t[16] = -5.867, P = 0.000,  

respectively; Figure 3.4 and Figure 3.6).  

 

A significant surgery effect was found with the distance travelled and the velocity of 

locomotion, as BVD rats travelled significantly further and faster than sham animals during the 

first minute in the OFM (t[16] = 3.0610, P = 0.007 and t[16] = 3.093, P = 0.007, respectively; Figure 

3.7 and Figure 3.9). However, no significant differences in the distance travelled or the velocity of 

locomotion was found between BVD and sham animals during the total ten minutes in the OFM 

(see Figure 3.8 and Figure 3.10).  

3.1. Open field maze 

3.1.1. Pre-drug 
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3.1.2. Anxiolytic drug treatment 

 

There was a significant surgery x zone interaction, as BVD rats spent more time in the 

inner and middle zones during the first minute and the total ten minutes in the OFM, with sham 

rats residing mostly in the outer zone (F[2, 29.734] = 57.171, P = 0.000 and F[2, 80.530] = 8.180, P = 

0.001, respectively; Figure 3.1 and Figure 3.2). However, no significant surgery x drug x zone 

interaction was found, indicating that buspirone did not alter the time spent in each zone by 

BVD or sham rats.  

 

There was a significant surgery effect related to the number of supported and 

unsupported rearings, where BVD rats reared less supportively and unsupportively compared to 

sham rats (F[1,12.155] = 34.696, P = 0.000 and F[1,8.821] = 106.174, P = 0.000, respectively; Figure 3.3 

and Figure 3.5). Similarly, BVD rats spent less time engaged in supported and unsupported 

rearings compared to sham animals (F[1,12.803] = 81.498, P = 0.000 and F[1,15.032] = 45.985, P = 0.000, 

respectively; Figure 3.4 and Figure 3.6). Buspirone increased the duration of supported rearing 

and the number of unsupported rearings, as seen by significant drug effects (F[1,12.903] = 7.905, P = 

0.015 and F[1,14.660] = 4.950, P = 0.042, respectively). A significant surgery x drug interaction was 

found for the number of supported rearings and unsupported rearings (F[1,12.150] = 5.019, P = 

0.045 and F[1,8.820] = 6.409, P = 0.033, respectively; Figure 3.3 and Figure 3.5), with buspirone 

increasing the number of supported rearings in sham animals and the number of unsupported 

rearings in BVD animals. 

 

BVD rats travelled further than sham animals in both the first minute and the total ten 

minutes in the OFM, as indicated by a significant surgery effect (F[1, 15.756] = 11.279, P = 0.004 and 

F[1, 32] = 21.030, P = 0.000, respectively; Figure 3.7 and 3.8). A significant surgery effect was also 

seen with the velocity of locomotion during the first min and during the total ten minutes in the 

OFM, as BVD animals travelled significantly faster than sham animals (F[1, 15.802] = 10.755, P = 
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0.005 and F[1, 32] = 19.699, P = 0.000, respectively; Figure 3.9 and Figure 3.10). No significant 

drug effect or significant interaction between surgery and drug was seen for the distance travelled 

or the velocity of locomotion for either time analyses. 

 

3.1.3. Anxiogenic drug treatment 

 

For zone analysis, there was a significant surgery x zone interaction during both the first 

minute and the total ten minutes in the OFM (F[2, 96] = 20.275, P = 0.000 and F[2, 19.119] = 22.628, 

P=0.000, respectively; Figure 3.1 and Figure 3.2), where BVD rats spent more time in the inner 

and middle zones, while sham rats spent most of their time in the outer zone. FG-7142 did not 

significantly alter the zone activity of BVD and sham animals, as there was no significant surgery 

x drug x zone interaction. 

 

BVD rats had a significantly reduced frequency and duration of supported and 

unsupported rearings compared to sham rats, as a significant surgery effect was found for the 

frequency of supported and unsupported rearings (F[1,9.374] = 27.082, P = 0.000 and F[1,15.910] = 

37.639, P = 0.000, respectively; Figure 3.3 and Figure 3.5) and the duration of supported and 

unsupported rearing (F[1,12.945] = 20.617, P = 0.001 and F[1,15.568] = 37.565, P = 0.000, respectively; 

Figure 3.4 and Figure 3.6). FG-7142 significantly increased the frequency and duration of 

supported rearings (F[1,14.295] = 8.991, P = 0.009 and F[1,12.936] = 9.149, P = 0.010). Additionally, it 

significantly increased the frequency of unsupported rearings (F[1,14.177] = 9.223, P = 0.009), with 

no effect on the duration of unsupported rearing.  No significant surgery x drug interaction for 

the frequency and duration of supported and unsupported rearings, was found.  

 

A significant surgery effect was seen with the distance travelled and the velocity of 

locomotion during the first minute in the OFM (F[1, 7.934] = 14.775, P = 0.005 and F[1, 7.803] = 

15.877, P = 0.004, respectively; Figure 3.7 and 3.9), with BVD rats travelling further and faster 



 44 

than sham rats. This surgery effect continued during the total ten minutes in the OFM (Distance: 

F[1,13.254] = 9.700, P = 0.008, Velocity: F[1, 13.238] = 9.833, P = 0.008; Figure 3.8 and 3.10 respectively). 

No significant drug effect or a significant interaction between surgery and drug was seen for the 

distance travelled and the velocity of locomotion for either time analyses. 
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Figure 3.1. Duration (% of time) in the inner, middle and outer zones of the OFM by BVD and 
sham animals during the first minute of the pre-drug and drug treatment trials.  Data are presented 
as mean ± SEM. For statistical analysis see Results section 3.1.1, 3.1.2 and 3.1.3. 
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Figure 3.2. Duration (% of time) in the inner, middle and outer zones of the OFM by BVD and 
sham animals during the total ten minutes of the pre-drug and drug treatment trials.  Data are 
presented as mean ± SEM. For statistical analysis see Results section 3.1.1, 3.1.2 and 3.1.3. 
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Figure 3.3. The number of supported rearings in the OFM by BVD and sham animals during the pre-
drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see Results 
section 3.1.1, 3.1.2 and 3.1.3. 
 
 

Figure 3.4. The duration of supported rearing in the OFM by BVD and sham animals during the pre-
drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see Results 
section 3.1.1, 3.1.2 and 3.1.3. 
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Figure 3.5. The number of unsupported rearings in the OFM by BVD and sham animals during the 
pre-drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see 
Results section 3.1.1, 3.1.2 and 3.1.3. 
 
 

 

Figure 3.6. The duration of unsupported rearing in the OFM by BVD and sham animals during the 
pre-drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see 
Results section 3.1.1, 3.1.2 and 3.1.3. 
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Figure 3.8. The distance travelled in the OFM by BVD and sham animals during the total ten 
minutes of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.1.1, 3.1.2 and 3.1.3. 
 

Figure 3.7. The distance travelled in the OFM by BVD and sham animals during the first minute of 
the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis 
see Results section 3.1.1, 3.1.2 and 3.1.3. 
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Figure 3.9. The velocity of locomotion in the OFM by BVD and sham animals during the first 
minute of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.1.1, 3.1.2 and 3.1.3. 
 

Figure 3.10. The velocity of locomotion in the OFM by BVD and sham animals during the total 
ten minutes of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.1.1, 3.1.2 and 3.1.3. 
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3.2. Elevated plus maze  

 

3.2.1. Pre-drug 

 

The percentage of time spent in the open arms and the percentage of open arm entries 

was not significantly different between BVD and sham animals during the first minute and the 

total ten minutes of the pre-drug trial (see Figure 3.11 – Figure 3.14). During the first minute in 

the EPM, no surgery effect was found with the number of total arm entries (see Figure 3.15). 

However, over the total duration of ten minutes in the EPM, BVD animals made significantly 

more entries than sham animals (t[16] = 2.263, P = 0.038; Figure 3.16). There was a significant 

surgery effect with the distance travelled, as BVD rats travelled further than sham animals in the 

EPM (t[16] = 3.442, P = 0.003; Figure 3.17). 

  

3.2.2. Anxiolytic drug treatment 

 

No significant surgery effect, drug effect or interaction between surgery x drug was 

found with the percentage of time spent in the open arms or the number of open arm entries 

during the first minute and the total ten minutes in the EPM (see Figure 3.11- Figure 3.14). 

 

During the first minute in the EPM, no significant surgery effect, drug effect or surgery 

x drug interaction was seen for the number of total arm entries. Over the total duration of ten 

minutes in the EPM, no significant surgery effect was found with the number of total arm entries. 

However, buspirone significantly increased the number of entries compared to the control, saline 

(F[1, 11.029] = 7.323, P = 0.020; Figure 3.16). A significant surgery x drug interaction was seen, 

where buspirone increased the number of total arm entries in BVD animals only.  
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No significant surgery effect, drug effect or interaction between surgery x drug was 

found for the distance travelled in the EPM. 

 

3.2.3. Anxiogenic drug treatment 

 

During the first minute in the EPM, no significant surgery effect, drug effect or surgery 

x drug interaction was seen for the percentage of time spent in the open arms. However, there 

was a significant surgery effect during the total ten minutes in the EPM, as BVD animals spent 

longer in the open arms compared to sham animals (F[1,11.593] = 8.914, P = 0.012). During this 

period, FG-7142 significantly decreased the percentage of time spent in the open arms compared 

to its control, DW/Tween20 (F[1,12.322] = 4.851, P = 0.047). Additionally, a significant surgery x 

drug interaction was seen, where FG-7142 reduced the percentage of time spent in the open arms 

in BVD animals only (see Figure 3.12). 

 

BVD rats made a significantly higher percentage of open arm entries than sham animals 

during the first minute in the EPM (F[1, 8.134] = 14.088, P = 0.005). No significant drug effect was 

seen during this period of time. However, FG-7142 reduced the percentage of open arm entries 

in BVD animals while increasing the percentage of open arm entries in sham animals, as 

indicated by a significant surgery x drug interaction (F[1, 8.134] = 29.081, P = 0.001, Figure 3.13).  

During the total ten minutes in the EPM, no significant surgery effect, drug effect or surgery x 

drug interaction was found (see Figure 3.14). 

 

No surgery effect was found for the number of total arm entries during the first minute 

or the total ten minutes in the EPM. There was no drug effect during the first minute in the EPM, 

however during the total ten minutes, FG-7142 decreased the number of total arm entries 

compared to its control, DW/Tween20 (F[1, 16.045] = 6.248, P = 0.024). In both time analyses, there 

was no significant surgery x drug interaction.   
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No significant surgery effect, drug effect or interaction between surgery x drug was 

found for the distance travelled in the EPM. 
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Figure 3.11. The percentage of time in the open arms of the EPM by BVD and sham animals during 
the first minute of the pre-drug and drugs treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.2.1, 3.2.2 and 3.2.3. 
 

 

 

Figure 3.12. The percentage of time in the open arms of the EPM by BVD and sham animals during 
the total ten minutes of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. 
For statistical analysis see Results section 3.2.1, 3.2.2 and 3.2.3. 
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Figure 3.13. The percentage of open arm entries in the EPM by BVD and sham animals during the 
first minute of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.2.1, 3.2.2 and 3.2.3. 
 

Figure 3.14. The percentage of open arm entries in the EPM by BVD and sham animals during the 
total ten minutes of the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.2.1, 3.2.2 and 3.2.3. 
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Figure 3.15. Total arm entries in the EPM by BVD and sham animals during the first minute of the 
pre-drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see 
Results section 3.2.1, 3.2.2 and 3.2.3. 

 

Figure 3.16. Total arm entries in the EPM by BVD and sham animals during the total ten minutes of 
the pre-drug and drug treatment trials. Data are presented as mean ± SEM. For statistical analysis see 
Results section 3.2.1, 3.2.2 and 3.2.3. 
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3.3. Elevated T-maze  

 

3.3.1. Pre-drug 

 

There was a significant surgery effect, whereby BVD animals exhibited a decrease in the 

latency to leave the enclosed arm compared to sham animals (F[1,16.900] = 5.719, P = 0.029, Figure 

3.18). The latency to leave the enclosed arm increased over the three trials, as indicated by a 

significant trial effect (F[2,30.973] = 10.766, P = 0.000). No statistically significant interaction was 

found between surgery and trials, meaning that BVD rats were slower at learning inhibitory 

avoidance compared to sham rats (see Figure 3.18).  

 

The escape response of BVD and sham animals is presented in Figure 3.21. There was 

no significant surgery effect, trial effect or surgery x trial interaction. This indicates that the 

escape response of BVD animals was the same as sham animals across the three trials.  

Figure 3.17. The distance travelled in the EPM by BVD and sham animals during the pre-drug and drug 
treatment trials. Data are presented as mean ± SEM. For statistical analysis see Results section 3.2.1, 
3.2.2 and 3.2.3. 
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3.3.2. Anxiolytic drug treatment 

 

No significant surgery effect was found for avoidance response, indicating that BVD 

and sham animals had a similar latency in leaving the enclosed arm. The latency to leave the 

enclosed arm increased over the three trials, as indicated by a significant trial effect (F[2,78.212] = 

12.737, P = 0.000). There was a significant surgery x trial interaction (F[2,78.212] = 4.781, P = 0.011), 

whereby BVD animals had a similar latency in leaving the enclosed arms across the three trials, 

however their latencies to leave the enclosed arm in the three trials were significantly higher than 

those of sham animals (see Figure 3.19). Meanwhile, the latency to leave the enclosed arm in 

sham animals increased over the three consecutive trials. However, buspirone did not change 

inhibitory avoidance throughout the three trials in BVD or sham animals, as there was no 

significant surgery x drug x trial interaction. 

 

There was no significant surgery effect or trial effect with escape responses. However, 

there was a significant surgery x trial interaction (F[2,69.534] = 4.165, P = 0.020), whereby BVD rats 

had a similar escape response as sham rats during trial 1, but were faster at leaving the open arms 

during trials 2 and 3 (see Figure 3.22). Buspirone did not change the escape responses of either 

BVD or sham animals in any of the trials, as a non-significant surgery x drug x trial interaction 

was found.  

 

 

3.3.3. Anxiogenic drug treatment 

 

No significant surgery effect was found for inhibitory avoidance, meaning that BVD and 

sham animals had a similar latency in leaving the enclosed arm. A significant trial effect was 

found (F[2,71.505] = 29.169, P = 0.000), revealing an increase in latency to leave the enclosed arm 

over the three consecutive trials. A non-significant surgery x trials interaction revealed that both 
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BVD and sham animals learnt inhibitory avoidance, as their latency to leave the enclosed arm 

increased over the three trials (see Figure 3.20). FG-7142 did not affect inhibitory avoidance 

throughout the three avoidance trials in either BVD or sham animals, as a non-significant 

difference was found for the surgery x drug x trial interaction.  

 

There was a statistically significant difference in escape response between BVD and 

sham animals (F[1,27.839] = 10.492, P = 0.003), as BVD animals escaped faster out of the open arms 

compared to the sham group. There was no significant trial effect, meaning that the latency to 

leave the open arms was similar across the three consecutive trials. A significant surgery x trial 

interaction was found (F[2,61.525] = 12.145, P = 0.000), revealing a similar escape response between 

BVD and sham animals during trial 1, with BVD rats escaping faster during trials 2 and 3 

compared to sham rats (see Figure 3.23). FG-7142 did not affect the escape response throughout 

the three trials in either BVD or sham animals, as a non-significant difference was found for the 

surgery x drug x trial interaction.  
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Figure 3.18. Inhibitory avoidance of BVD and sham animals in the ETM during the pre-drug trial. Data 
are presented as mean ± SEM. For statistical analysis see Results section 3.3.1, 3.3.2 and 3.3.3. 
 

 

Figure 3.19. Inhibitory avoidance of BVD and sham animals in the ETM during buspirone and saline 
treatments. Data are presented as mean ± SEM. For statistical analysis see Results section 3.3.1, 3.3.2 and 
3.3.3. 
 

Figure 3.20. Inhibitory avoidance of BVD and sham animals in the ETM during FG-7142 and 
DW/Tween20 treatments. Data are presented as mean ± SEM. For statistical analysis see Results section 
3.3.1, 3.3.2 and 3.3.3. 
 

 



 61 

 

 

Figure 3.21. Escape responses of BVD and sham animals in the ETM during the pre-drug trial. Data are 
presented as mean ± SEM. For statistical analysis see Results section 3.3.1, 3.3.2 and 3.3.3. 
 

 

Figure 3.22. Escape responses of BVD and sham animals in the ETM during buspirone and saline 
treatments. Data are presented as mean ± SEM. For statistical analysis see Results section 3.3.1, 3.3.2 
and 3.3.3. 
 

 

Figure 3.23. Escape responses of BVD and sham animals in the ETM during FG-7142 and DW/Tween20 
treatments. Data are presented as mean ± SEM. For statistical analysis see Results section 3.3.1, 3.3.2 and 
3.3.3. 
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3.4. Spatial T-maze alternation task 

 

3.4.1. Training 

 

During the first eight days of training in the STM alternation task, BVD animals 

exhibited a reduction in correct responses compared to sham animals, as represented by a 

significant surgery effect (F[1,128] = 286.284, P = 0.000; Figure 3.24). This difference between 

BVD and sham animals in correct responses was sustained throughout the eight days of training, 

as indicated by a non-significant surgery x trial interaction (see Figure 3.24). Sham animals 

acquired 90% correct responses after two days of training; however BVD animals never reached 

the same criterion in any of the eight days.  

 

3.4.2. Anxiolytic drug treatment 

 

The data during drug treatments are represented as pre-drug, an average of the last three 

days of training prior to drug injections; drug injections day and post-drug, an average of the 

three days after drug injections. BVD rats made fewer correct responses than sham animals, as 

indicated by a significant surgery effect (F[1,96] = 171.491, P = 0.000; Figure 3.25). However, the 

difference in correct responses by BVD and sham animals was not altered by buspirone, as there 

was no significant surgery x drug interaction. Overall, BVD rats did not improve during drug 

treatment with buspirone compared to pre-drug and post-drug trials, as indicated by a non-

significant surgery x drug x trial interaction (see Figure 3.25) 
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3.4.3. Anxiogenic drug treatment 

 

A significant surgery effect indicated that BVD animals exhibited a reduction in correct 

responses compared to sham animals (F[1,96] = 229.637, P = 0.000; Figure 3.26). However, these 

differences were not altered by FG-7142, as a non-significant surgery x drug effect was found. 

Overall, BVD rats did not improve during drug treatment with FG-7142 compared to pre-drug 

and post-drug trials, as indicated by a non-significant surgery x drug x trial interaction (see Figure 

3.26). 

 

 

Figure 3.24. Percentages of correct responses by BVD and sham animals during training in the STM 
alternation task. Data are presented as mean ± SEM. For statistical analysis see Results section 3.4.1. 
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Figure 3.25. Percentages of correct responses by BVD and sham animals during training and testing 
with buspirone and saline in the STM alternation task. Data are presented as mean ± SEM. For 
statistical analysis see Results section 3.3.2. 
 

Figure 3.26. Percentages of correct responses by BVD and sham animals during training and testing 
with FG-7142 and DW/Tween20 in the STM alternation task. Data are presented as mean ± SEM. 
For statistical analysis see Results section 3.3.3. 
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4. Discussion 

 

 

Previous research has observed differences in anxiety-related behaviours between 

humans with vestibular disorders and BVD rats, where humans with vestibular deficits 

experience various anxiety disorders, while BVD rats resemble rats with reduced anxiety. One 

possible reason for the differences between humans and rats with vestibular deficits is that animal 

model of vestibular dysfunction cannot fully represent the spectrum of symptoms experienced by 

humans. On the contrary, it is possible that BVD rats are experiencing agoraphobia, where the 

lack of spatial information in an enclosed space will cause an escalation in anxiety. Therefore by 

residing in the open arms of the EPM and ETM and in the inner zone of the OFM, it is a natural 

escape response from the environment that is causing distress. Spatial deficits have been 

consistently observed in both humans and rats with vestibular disorders, therefore, it is possible 

that BVD rats might not be able to differentiate between the different areas in the anxiety-related 

behavioural tasks. Subsequently spatial deficits could be caused through anxiety. Hence, to fully 

investigate whether BVD rats are experiencing anxiety, anxiolytic and anxiogenic drugs were 

administered to BVD rats in anxiety and spatial-related tasks.  

 

If BVD rats are not experiencing anxiety, then only the anxiogenic drug should 

modulate its behaviour. However, if the anxiolytic drug was able to modulate the anxiety-related 

behaviours of BVD rats, then it proves that BVD rats are experiencing anxiety with symptoms of 

agoraphobia. Subsequently, if BVD rats are unable to differentiate between the different areas of 

the anxiety-related tasks due to spatial deficits, then neither anxiolytic nor anxiogenic drugs 

should alter their behaviour. Lastly, if anxiety was causing spatial deficits, then the anxiolytic drug 

should improve spatial memory in the STM alteration task. 
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The tendency for BVD rats to reside in the inner and middle zones of the OFM has 

been observed previously (Goddard et al 2008a). It was suggested that this behaviour resembles 

rats with reduced anxiety (see Darlington et al 2009 for review). In this experiment, BVD rats 

continued to habituate mostly in the inner and middle zones compared to sham animals during 

the pre-drug trial. Interestingly, both buspirone and FG-7142 did not alter the zone activity of 

either BVD or sham rats. Since there was no drug effect with sham animals, it cannot be 

determined if BVD animals were experiencing anxiety. Literature reviews have shown that 

buspirone and FG-7142 cannot generate an anxiolytic and anxiogenic drug effect, respectively, at 

all times in the OFM, with only eight out of sixteen experiments producing an anxiolytic effect 

with buspirone, while four out of five experiments using FG-7142 produced an anxiogenic 

behaviour (Prut & Belzung 2003). However, these experiments varied in drug dose, route of 

administration and species used, hence the possible differences in anxiety-related behaviours 

 

The dose of 0.3 mg/kg of buspirone was chosen for this experiment as it previously has 

been shown to produce anxiolytic effects in the OFM (Siemiątkowski et al 2000; Stefanski et al 

1992) and in the ETM (Graeff et al 1998; Poltronieri et al 2003). Similarly, the dose of 5 mg/kg 

of FG-7142 has an anxiogenic effect in the OFM (Bruhwyler et al 1991) and in the EPM (Pellow 

& File 1986). Therefore, it is uncertain why the zone activity in the OFM was not altered by 

drugs. However, since drug administration was performed after the pre-drug trial, habituation 

could be responsible for the lack of drug effect. The habituation effect was also seen with the 

measure of distance travelled and velocity of locomotion, as the differences between BVD and 

sham rats lessened over the ten minutes in the OFM. Additionally, baseline measurements during 

the pre-drug trial showed a higher level of risk assessment behaviour of rearing in both BVD and 

sham animals, which were reduced when they were re-exposed to the OFM during drug 

treatment trials, even with the saline and DW/Tween20 controls. Despite a study revealing that 

4.1. Open field maze 
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habituation can be prevented in the EPM in Wistar rats if the animal is retested in a different 

room with an interval of three weeks (Adamec & Shallow 2000), it might not apply to the OFM. 

Hence, the lack of drug effect might be caused by the reduction in motivation to explore due to 

repeated exposure to the maze.  

 

A reduction in the frequency and the duration of both wall-supported and unsupported 

rearing was seen in BVD animals during the pre-drug trial. This was previously observed in rats 

with vestibular dysfunction either through BVD surgery or treatment with sodium arsanilate 

(Goddard et al 2008a; Ossenkopp et al 1990). Hyperkinesia, a condition with an abnormal 

increase in muscular activity, might be responsible for the reduction in rearing. The increased 

velocity during hyperkinesia limits the time spent in rearing, for there is a tendency for 

continuous movement (Sahakian et al 1977). This was observed in rats with complete 

hippocampectomy, where hyperkinesia was correlated to a reduction in rearing (Hannigan et al 

1984). This relates well with our study, as there was a significant increase in velocity by BVD rats 

during the first minute in the OFM. Furthermore, a significant increase in the distance travelled 

by BVD rats during the first minute in the OFM suggests an increase in locomotion caused by 

hyperkinesia.  

 

Buspirone caused an increase in the number of unsupported rearings in BVD animals as 

well as an increase in the number of supported rearings in sham animals. Previous research has 

shown a reduction in rearing by buspirone in a dose-dependent manner (Angrini et al 1998; 

Panickar & McNaughton 1991). The reason why buspirone caused an increase in the number of 

rearings in this present study could be the inverted U shape relationship between rearing and the 

level of potential threat (Gray & McNaughton 2003). As suggested by Gary and McHaughton 

(2003), rearing is reduced when the animal is in a situation where there is a high level of potential 

threat, with anxiolytic drugs increasing rearing (Gray & McNaughton 2003). When there is a low 

level of potential threat, the animal rears more and anxiolytic drugs will subsequently decrease 
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rearing (Gray & McNaughton 2003). Therefore, in this study, the animal could be facing a high 

level of potential threat in the OFM where rearing is inhibited, with buspirone subsequently 

increasing rearing behaviour. However, rearing is a complex behaviour to analyze, as various 

factors can influence it, like novelty, anxiety/fear and even hunger. For example, rearing was 

reduced when the environment became more familiar (Lever et al 2006). Similarly, food deprived 

rats reared less than sated rats (Lever et al 2006). Rearing has also been described as an escape 

from the environment. However, when the animal is placed in an complex environment where 

there is a refuge for the animal to escape to, it was discovered that rearing continued to remain 

high (Genaro & Schmidek 2000), therefore, rearing is not simply an escape response, but it also 

involves the motivation to explore. In this experiment, buspirone could either be reducing the 

fear/anxiety or increasing exploratory motivation. Regardless of the multiple variables influencing 

rearing, rearing is linked to hippocampal function, as an increase in rearing has been positively 

correlated with hippocampal remapping (Lever et al 2006). Therefore, the alteration of rearing by 

buspirone reveals a complex relationship between hippocampal function and emotions. 

 

On the other hand, FG-7142 did not have any effect on the number and duration of 

wall-supported and unsupported rearings. A significant reduction in rearing behaviour with FG-

7142 has only been found with a dose of 20 mg/kg in male Sprague-Dawley rats and at a dose of 

40 mg/kg in female Sprague-Dawley rats (Meng & Drugan 1993). Therefore the lack of effect in 

rearing must be due to the differences in dosing.  

 

Neither buspirone nor FG-7142 altered the velocity or distance travelled in BVD rats 

and sham rats, as BVD rats continued to travel faster and further during the first minute and the 

total ten minutes in the OFM compared to sham rats. This indicates that neither drug altered the 

locomotive behaviours of BVD and sham animals.  
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Anxiety-related behaviours in the EPM are measured by the percentage of time spent in 

the open arms and the number of open arm entries, where anxious rats tend to spent less time in 

and make fewer entries into the open arms. The percentage of time spent in the open arms and 

the number of open arm entries were similar between BVD and sham animals during both time 

analyses in the pre-drug trial, with less time spent in the open arms and even entries into both 

open and enclosed arms. This was in contrast to the study by Zheng et al., (2008), where 3 to 5 

months post-surgical BVD rats, spent more time in the open arms and had more open arm 

entries compared to sham rats. The genetic model of vestibular deficits using ci2/ci2 rats also 

showed higher preferences towards the open arms (Lindemann et al 2007). The reason for this 

difference could be related to the choice of time used to analyse their behaviour, as both Zheng 

et al., (2008) and Lindermann et al., (2007) analysed the behaviour of their rats for a duration of 

five minutes in the EPM, while this present study analysed the rat’s behaviour during the first 

minute and the total ten minutes in the EPM. On the contrary, during FG-7142 drug treatment 

trials, the surgery effect indicated that BVD animals spent significantly longer in the open arms 

during their ten minutes in the EPM, and had more open arm entries during the first minute, 

compared to sham animals. It is unknown why the surgery effect was different compared to 

during the pre-drug trial and drug treatment trial with busprione, where the percentage of time in 

the open arms and open arm entries were similar between BVD and sham rats. Nevertheless, 

during the FG-7142 drug treatment trial, the increase in the percentage of time spent in the open 

arms and open arm entries in BVD rats compared to sham rats, demonstrated that BVD animals 

was able to behave similarly to the genetic model of vestibular dysfunction (Lindemann et al 

2008).  

 

Buspirone did not have any effect on the percentage of time spent in the open arms and 

the number of open arm entries in either BVD or sham animals, as BVD and sham animals 

4.2. Elevated plus maze 
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continued to behave similarly as during the pre-drug trial in both time analyses, where they spent 

less time in the open arms and made even entries into both open and enclosed arms. Even 

though buspirone at a dose of 0.3 mg/kg has been shown to produce an anxiolytic effect in the 

OFM and in the ETM (Poltronieri et al 2003; Siemiątkowski et al 2000), it remains inconclusive 

whether it can produce an anxiolytic effect in the EPM. Luscombe et al., (1992) has shown an 

increase in the percentage of open arm entries by buspirone between the doses of 0.01 mg/kg 

and 3.0 mg/kg, with the most effective dose at 0.01 mg/kg. On the other hand, buspirone has 

been shown to produce an anxiogenic effect between the doses of 0.5 mg/kg and 20 mg/kg, 

where it reduced the time spent in the open arms (Pellow & File 1986), while buspirone at lower 

doses (32-129 nmol/kg) produced an anxiolytic effect, where it increased the time spent in the 

open arms and open arm entries (Soderpalm et al 1989). This is described as an inverted U-

shaped dose response (Gray & McNaughton 2003). Therefore, it is possible that the dose of 0.3 

mg/kg used in our experiment was too high to produce an anxiolytic effect but too low to induce 

an anxiogenic effect.  

 

FG-7142 significantly reduced the percentage of time spent in the open arms by BVD 

animals during the total duration of ten minutes in the EPM. Additionally FG-7142 reduced the 

percentage of open arm entries in BVD animals while increasing open arm entries in sham 

animals during the first minute in the EPM.  Different doses of FG-7142 (1-5 mg/kg) have 

previously been shown to reduce the time spent in the open arms and open arm entries in both 

normal Wistar rats and hooded Listar rats (Cruz et al 1994; Pellow & File 1986). It was uncertain 

why FG-7142 caused an increase in open arm entries in sham animals. Despite this increase, it 

was well below the percentage of open arm entries by BVD and sham animals during the pre-

drug trial and drug treatments with buspirone and its control, saline. Therefore the comparative 

increase by FG-7142 compared to DW/Tween20 in sham animals would be behaviourally 

insignificant. 
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Exploratory tendencies can be measured through the number of total arm entries, as an 

increase in total arm entries indicates a higher desire to explore the maze. There was no 

difference in the number of total arm entries during the first minute in the EPM, however BVD 

rats made more total arm entries during the total ten minutes. An increase in the total arm entries 

was also seen in the genetic model of vestibular deficit in rats (Lindemann et al 2008). The 

tendency to explore by BVD rats might be influenced by their higher velocity of travel, as seen in 

the OFM. If hyperkinesia was responsible for the increase in total arm entries, then it should also 

increase the distance travelled in the EPM. This was the case, as BVD rats travelled significantly 

further in the EPM than sham rats. 

 

During drug treatment trials, total arm entries were similar between BVD and sham 

animals in both time analyses. Compared to the pre-drug trial where BVD rats had higher total 

arm entries during the first minute in the EPM, the exploratory behaviour during drug treatment 

trials reveals that habituation might have occurred. The same effect was seen with the distance 

travelled, where BVD and sham animals travelled a similar distance in the EPM during drug 

treatment trials, compared to a higher distance of travel in BVD rats during the pre-drug trial. 

This confirms that habituation in the EPM occurred after repeated exposure, even if the animal 

was re-tested in a novel room every three weeks. However, buspirone induced exploration in 

BVD animals during the total ten minutes of drug treatment trials, while FG-7142 had no effect. 

The effect of buspirone on exploration in the EPM is reflective of the exploratory behaviour 

seen in the OFM, where buspirone induced rearing in BVD and sham animals. This increased in 

the total arm entries of BVD animals by buspirone, suggests that there is a complex relationship 

between emotion and exploratory behaviour. Like rearing in the OFM, the measure of total arm 

entries in the EPM can be influenced by anxiety, as anxious rats tend to remain in the enclosed 

arm and therefore be less inclined to explore the maze. This was seen in a study where anxiogenic 

drugs like pentylenetetrazol and FG-7142 reduced the total arm entries in the EPM, with the 

majority of entries into the enclosed arm (Cruz et al 1994). This was comparable to anxiolytic 
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drugs like nitrazepam and midazolam, where the rats explored both open and enclosed arms 

equally and had higher total arm entries in the EPM (Cruz et al 1994). Therefore, it is difficult to 

separate motor activity from anxiety in the measure of total arm entries.  

 

4.3. Elevated T-maze 

 

Due to an innate fear of opens space and height in rats, a learnt behaviour of inhibitory 

avoidance is seen in the ETM where they avoid entering the open arms (Graeff et al 1998). This 

type of conditioned fear was said to resemble generalized anxiety disorder in humans, a disorder 

where excessive worrying and anxiety can lead to the avoidance of environments that might 

exacerbate their condition (Zangrossi & Graeff 1997). During the pre-drug period, BVD rats 

took longer to learn an inhibitory avoidance response compared to sham rats, as it took three 

trials for BVD rats to learn inhibitory avoidance, while it only required two trials for sham rats. 

This was in contrast to previous findings where BVD rats, three weeks, three months and five 

months post-surgery failed to learn inhibitory avoidance over the three trials (Zheng et al 2008). 

Despite this, our study does show that BVD rats are impaired in learning an inhibitory avoidance 

response to an extent. The differences between BVD and sham rats in learnt inhibitory avoidance 

suggest that vestibular inputs might be required for conditioned fear. Interestingly, the inability to 

learn inhibitory avoidance was also seen in ventral hippocampal lesioned rats, but not in dorsal 

hippocampal lesioned rats (Trivedi & Coover 2004), thereby, suggesting a possible connection 

between the vestibular system, hippocampal function and anxiety.  

 

During treatment with buspirone, BVD animals unexpectedly took longer to leave the 

enclosed arms than sham animals throughout the three consecutive trials. This was unexpected as 

BVD rats were faster in leaving the enclosed arm during the first two trials of the pre-drug trial. 

Since BVD rats have shown to produce spatial deficits (Baek et al 2010), it is possible that an 

impairment in spatial memory has an influence on the anxiety-related behaviours in ETM, where 
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the BVD rats are unable to differentiate between the anxiolytic and anxiogenic zones of the ETM. 

This is highly possible as animals with cognitive deficits can experience altered anxiety-related 

behaviours (Kalueff 2007). Previous research has shown that, buspirone at 0.3 mg/kg 

significantly reduced the avoidance of the open arms during the third avoidance trial in normal 

rats (Graeff et al 1998), however the same dose in our experiment failed to reduce avoidance in 

either BVD or sham rats. There is a high probability that habituation to the maze is responsible 

for the lack of drug effect on anxiety-related behaviours in the ETM, as well as in the OFM and 

EPM. 

 

During treatment with FG-7142, no difference in avoidance response was seen between 

BVD and sham animals throughout the three consecutive trials, indicating that BVD animals 

were able to learn inhibitory avoidance. However this response was not due to the effect of FG-

7142 as no drug effect was found. It has previously been observed that inhibitory avoidance can 

be facilitated with 40 pmol microinjection of FG-7142 in the dorsal and median raphe nucleus, 

which are regions that has connection to the amygdala and hippocampus, respectively (dos 

Santos et al 2005; Graeff et al 1996; Graeff et al 1998). The lack of drug effect by FG-7142 in our 

experiment could be due to the differences in the route of administration, as a lack of drug effect 

was also found with a systematic injection through the peritoneum with 10 mg/kg to 20 mg/kg 

of FG-7142 (Carvalho-Netto & Nunes-de-Souza 2004). FG-7142 might only produce an 

anxiogenic effect when it is through intra-raphe microinjection.  

 

Escaping from the open arms is an unconditioned fear response that represents 

symptoms of panic disorders in humans. BVD and sham animals had a similar escape response 

during the pre-drug trial, which has been previously observed by Zheng et al., (2008). 

Additionally no change in escape response was found with ventral hippocampal lesioned rats, 

indicating that conditioned and unconditioned fear operate differently (Trivedi & Coover 2004). 
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The escape responses during drug treatment trials were different between BVD and 

sham animals. BVD animals were consistent with their escape response throughout the three 

trials, however sham animals gradually increased the latency in their escape. The difference in 

escape response between BVD and sham rats was not due to the effect of either drug. According 

to the dual 5-HT fear hypothesis, the dorsal periaqueductal gray (DPAG) and the amygdala are 

innervated by the 5-HT containing fibres from the dorsal raphe nucleus (DR) (Graeff et al 1997). 

In a situation where there is potential danger, the 5-HT containing fibres from the DR will 

activate the amygdala, which promotes highly integrated defensive behaviours, and at the same 

time, inhibiting the DPAG, which controls the fight/flight response (Graeff et al 1997). However, 

if there is immediate danger, then the DPAG is activated. Hence, when the rat is facing a 

potential threat like in the ETM, according to the hypothesis, the release of 5-HT should increase 

learnt inhibitory avoidance while impairing escape. There is evidence showing that an intra-raphe 

injection of kainic acid, which stimulates the release of 5-HT, increases learnt anxiety while 

impairing the escape response (Graeff et al 1996). If this is the case, it might explain for the 

increased in escape latency in sham animals during drug treatment trials, however the dual 5-HT 

fear hypothesis did not apply during the pre-drug trial. Therefore, a further investigation is 

required to find out why the escape response in sham animals differed between the pre-drug and 

drug treatment trials.  

 

 
 

 

The ability to alternate between the two arms in the STM alternation task for food 

rewards demonstrates working spatial memory. It is highly capable of detecting hippocampal 

dysfunction (Deacon & Rawlins 2006). During the training session, BVD rats performed at 

slightly above 50%, while sham rats reached 90% correct response after two days of training. 

4.4. Spatial T-maze alternation task 
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Previous studies showed similar impairment in performance by BVD rats in the STM alternation 

task (Zheng et al 2007).  

 

The spatial impairment by BVD animals continued during drug treatments with 

buspirone and FG-7142. These results, with previous findings, reinforce the importance of 

vestibular inputs to the hippocampus for spatial memory (Baek et al 2010; Smith et al 2005; 

Zheng et al 2007). Given that anxiolytic drugs did not alter the performance of BVD rats and 

anxiogenic drugs did not alter the performance of sham rats, it suggests that the spatial deficit 

was not caused by anxiety. However, since neither buspirone nor FG-7142 altered the anxiety-

related behaviours of sham rats in the OFM, EPM and ETM, the anxiety level in both BVD and 

sham rats might have remained unchanged in the STM alternation task, therefore, it is uncertain 

whether anxiety is causing spatial deficit in the STM alternation task.  

 

 

 

Residing in the inner zone of the OFM, in the open arms of the EPM and the inability 

to learn avoidance of the open arms of the ETM are commonly seen as behaviours of reduced 

anxiety. However, it is possible that these behaviours also reflect symptoms of agoraphobia, an 

anxiety disorder where the patients avoid enclosed space. Therefore, to fully understand whether 

the behaviours of BVD rats reflect behaviours of reduced anxiety or whether they are symptoms 

of agoraphobia, anxiolytic and anxiogenic drugs were given. Neither drug altered the anxiety-

related behaviour of sham rats in the three anxiety-related tasks. Therefore, we are unable to 

determine whether BVD rats are experiencing reduced anxiety or agoraphobia. Repeated 

exposure to the anxiety-related tasks might be the reason for the lack of drug effects. Despite this, 

buspirone altered the exploratory behaviour of both BVD and sham rats in the OFM and EPM, 

meaning that there might be a connection between emotions and exploration. Not only is 

hippocampal function an intrinsic part of rearing, where rearing elicits spatial remapping of the 

4.5. Overall Conclusion 
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CA1 cells (Lever et al 2006), but rearing is influenced by fear and anxiety. It is clear that there is a 

complex involvement between the vestibular system, hippocampal function and anxiety.  

 

Lesions to the ventral region of the hippocampus in rats produced behaviours of 

reduced anxiety, where an increase in the time spent in the open arms of the modified EPM was 

correlated to a decrease in plasma corticosterone (Kjelstrup et al 2002). It also produced an  

anxiolytic effect on other anxiety-related tasks like the two compartment box test, where ventral 

hippocampal lesioned rats had a reduced latency in entering the anxiogenic section of the 

compartment (McHugh et al 2004). Admittedly, these rats did not produce spatial working 

memory deficits in either the STM alternation task or in the Morris water maze (Bannerman et al 

2002). Conversely, lesions to the dorsal region of the hippocampus produced spatial deficits in 

rats in the Morris water maze and in the STM alternation task while having no effect on anxiety 

tests  (Bannerman et al 2002; Moser et al 1993). Since there are neurochemical changes and 

electrophysiological alterations in the hippocampus after vestibular damage in rats (Liu et al 2003; 

Russell et al 2006; Stackman et al 2002), it is plausible that damage to the ventral hippocampus 

through BVD surgery is responsible for the behaviour resembling reduced anxiety in BVD rats in 

the OFM and the ETM during the pre-drug trials, while dorsal hippocampal damage caused 

spatial deficits in BVD rats in the STM alternation task. However, corticosterone studies in BVD 

rats found no reduction in blood corticosterone levels (Zheng et al 2008), therefore the anxiety-

related behaviours of BVD rats might not be entirely due to ventral hippocampal damage. A 

further investigation is required to fully understand the sub-regional damage of the hippocampus 

by BVD surgery.  

 

The separation of function between the ventral and dorsal hippocampus is not restricted 

to anxiety and spatial behaviours, but also locomotion. Complete hippocampal lesions and 

lesions to the dorsal regions produced signs of hyperactivity, which was not seen in ventral 

hippocampal lesioned rats and sham rats (Bannerman et al 2002). BVD rats travelled faster and 
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further in the OFM and EPM, indicating that the dorsal region of the hippocampus might be 

involved. 

 

Not only could the ventral region of the hippocampus be responsible for the behaviours 

resembling reduced anxiety in BVD rats, it is likely that the amygdala is also involved. It has been 

proposed that the amygdala has more involvement with fear than anxiety, with fear having more 

association with active avoidance (Bannerman et al 2004). Conversely, anxiety is associated with 

conflict and uncertainty (Bannerman et al 2004), which could be related to hippocampal function. 

Hence, lesions to the ventral region of the hippocampus might produce behaviours of reduced 

anxiety in an unconditioned environment like the OFM and EPM, which was reflected in our 

BVD rats in the OFM and in genetic vestibular deficit rats in the EPM (Lindemann et al 2007). 

Contrastingly, neurotoxic lesions to the amygdala produced an impairment in inhibitory 

avoidance in the ETM (Strauss et al 2003), which suggests that changes in the amygdala could be 

responsible for the inability to learn inhibitory avoidance in the ETM by BVD rats. Despite both 

having connections to the HPA, which is responsible for the autonomic response to fear and 

anxiety, it is possible that hippocampus and the amygdala plays differential roles in the regulation 

of anxiety and fear, and together, they form a complex network in controlling the multifaceted 

nature of emotionality.  

 

Due to the various causes of vestibular damage in humans, damage to the hippocampus 

can vary. In humans where the treatment for unilateral acoustic neurinomas is unilateral 

vestibular deafferentation surgery, it was discovered that there was no change to the total 

hippocampal volume compared to normal subjects (Hüfner et al 2007). However, patients with 

chronic bilateral vestibular loss were found to develop hippocampal atrophy, with a reduction of 

16.91% in total hippocampal volume (Brandt et al 2005). This demonstrates that not all vestibular 

disorders would cause hippocampal damage. Additionally, it is unknown how much damage is 

caused in particular regions of the hippocampus. Since the most common vestibular disorder is 
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BPPV (Von Brevern et al 2007), where the symptoms are short and temporary, it might not have 

caused enough damage to the ventral region of the hippocampus to produce behaviours of 

reduced anxiety. This is in contrast to complete vestibular damage through BVD surgery in rats, 

where widespread apoptosis in the hippocampus was found (Smith et al 2009). Even with a 

procedure that mimics acute and temporary loss of the vestibular system in rats, like unilateral 

vestibular deafferentation (UVD) surgery, significant chemical alteration has been found in the 

hippocampus which might cause long-term effect (Liu et al 2003). Therefore, to try and replicate 

symptoms of vestibular disorders that are short and temporary in rats appears to be difficult. 

However, there are many more possibilities as to why the anxiety-related behaviours between 

BVD animals and humans with vestibular disorders are different. It could simply be that the 

model of vestibular disorders in rats cannot fully replicate the symptoms experienced in humans, 

especially when there are other discrepancies between BVD rats and humans with vestibular 

disorders, like locomotive behaviour.   

 

To summarise, our study was able to replicate behaviours that resemble reduced anxiety 

in BVD rats during the pre-drug trial, which has been seen in previous research. However, the 

lack of drug effect with anxiolytic and anxiogenic drugs on anxiety has made it difficult to 

decipher if BVD rats are truly experiencing reduced anxiety. Neither drug altered the spatial 

deficit in BVD rats, indicating that spatial deficits might not be caused through anxiety. Changes 

in exploratory behaviour with buspirone suggest a complex relationship involving the vestibular 

system, hippocampus and anxiety. It is to be hoped that further research will continue the 

investigation of anxiety in BVD rats and the possible involvement with the ventral region of the 

hippocampus.    
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