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ABSTRACT 

This thesis sought to address and improve resolve some issues surrounding tests of recognition 

memory in animals. Since these spontaneous object recognition memory tasks are widely used, 

especially in mice, there is a need to develop a recognition task that would reduce the 

variability, extend and translate the task to potential areas of neuroscience research.  

Study 1 sought to validate the continual trials approach that was originally designed for rats to 

mice and replicate the findings of Ameen-Ali et al., (2012) in the spontaneous object 

recognition and object-location task. Study 1 found that performance of mice was comparable 

to previous studies of object recognition and object location memory, and statistically 

meaningful results were obtained with approximately 30 – 50 % fewer mice than typically used 

in the standard one trial a day version of the spontaneous object recognition tasks. Study 2 

sought to extend the continual trials apparatus to establish the age-related changes of object 

recognition and object-location memory in normal ageing mice; and found that ageing mice 

showed no age-related decline of recognition memory. Study 3 found no evidence of age-

related changes of object recognition and object-location memory in a transgenic mouse model 

of Alzheimer’s Disease, TASTPM mice. In study 4, the continual trials apparatus was adapted 

to incorporate variable retention delays (by blocking the sample and test phases) and found no 

evidence of delay-dependent effect on object recognition memory. Study 5 provided novel 

evidence that NMDA blockade using the MK-801 drug had no effect on object recognition 

memory in mice when controlled for state-dependency of memory. The key findings of this 

thesis include the successful validation of the continual trials apparatus in mice and the 

evidence that studies using reduced number of mice can nonetheless provide valid results in 

object recognition memory tasks. 
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Chapter 1 

Introduction 

1.1 Introduction 

The introductory chapter of this thesis will review the literature on tasks examining 

recognition memory in rodents, such as the delayed-non-matching to sample task and the 

spontaneous object recognition tasks and its complex variants, such as the object location 

task. Following this, the present chapter will introduce the shortcomings of the 

spontaneous object recognition task and present a solution (continual trials apparatus) that 

has been used to address the disadvantages of the spontaneous object recognition task in 

rats. However, the increasing use of mice in neuroscience literature has prompted the 

translation of the continual trials apparatus from rats to mice. The current chapter will also 

consider the physiological, behavioural, and cognitive differences between rats and mice; 

alongside the potential difficulties that may be encountered during the validation of the 

continual trials approach in mice.  

1.2 Recognition memory – single or dual process theory?  

Imagine a scenario where you are walking around in a conference room and see 

someone who looks vaguely familiar. When the both of you exchange greetings, you are 

sure you know who the person is, but for some reason you are unable to pin point the 

persons’ name, where and how you met this person. After spending some time having a 

casual conversation with the person, they mention a meeting that happened last week which 

prompted a recall of the persons’ name, where the meeting was, and some agenda discussed 

during the meeting. The common scenario illustrated above describes two forms of 

experiences which occur during recognition. The first type is familiarity, where the 

experience occurs rapidly and ranges from a weak intuition to a strong belief (or knowing 
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– Tulving, 1985). The second experience is recollection, which involves remembering 

associations prompted by cues critical to the memory (or ‘remembering’ – Tulving, 1985).  

Beyond the subjective distinction of these experiences, researchers have been 

interested in the investigations of the underlying neural mechanisms of recognition 

memory. Thus far, there have been two theories involved in the debate of the underlying 

processes of recognition memory; the first of which stipulates that recognition memory, or 

familiarity and recollection occurs along a single continuum (Single-process theory; 

Donaldson, 1996; Dunn, 2004; Squire et al., 2004), whereas the second theory argues that 

recognition memory is driven by two functionally distinctive processes (Dual-process 

theory; Eichenbaum et al., 2007; Yonelinas, 2001; Brown and Aggleton, 2001).  

The single-process theory proposed by Squire (1994; see also Squire and Zola, 

1998; Squire et al., 2007) presented an argument that recognition memory tests 

traditionally used to distinguish familiarity from recollection vice versa was, in actuality 

separating strong from weak memories. This theory further argues that the perirhinal cortex 

and the hippocampus are equally involved in familiarity and recollection, and damage to 

either of the areas will result in impairments in familiarity and recollection (Squire et al., 

2007; Wixted and Squire, 2010).   

The dual-process theory on the other hand, proposed (Eichenbaum et al., 1994) that 

recognition memory is supported by two functionally distinct processes mediated by 

medial temporal lobe structures; the hippocampal formation, which supports the 

recollection of relevant associative representations and stimuli and the parahippocampal 

region, which supports the storage and recognition of specific items. This functional 

dissociation was further extended by Brown and Aggleton (2001), when they proposed that 

the hippocampal region is involved in the recollection and episodic memory processes, 

whereas the perirhinal cortex was involved in the processing of familiarity and recency of 

a stimuli; and while the hippocampus and perirhinal cortex interact to process recognition 
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memory, the contributions of these structures may be dissociable. The dual-process theory 

of recognition memory as proposed by Eichenbaum et al., (1994; see also Brown and 

Aggleton, 2001) is based on the idea that recognition memory is functionally distinct, there 

is still considerable debate about how recognition memory is supported by different 

regions of the medial temporal lobe (Eichenbaum et al., 2007). Thus far, literature on the 

regions involved in recognition memory have found that the perirhinal cortex and the 

parahippocampal region are responsible for familiarity, whereas the hippocampus and 

fornix plays an important role in recollection (Aggleton et al., 2005; Brown and Aggleton, 

2001; Eichenbaum et al., 2007; Langston and Wood, 2010). Hence, damage to the 

hippocampus should impair recollection but not familiarity, whereas perirhinal cortex and 

parahippocampal damage would impair familiarity but not recollection (Eichenbaum et al., 

2007).  

Recent clinical studies have attempted to test these theories by dissociating 

familiarity and recollection in amnesiac patients with selective hippocampal damage. 

Research into clinical patients with hippocampal damage have found that impairments in 

recollection whilst sparing familiarity processing (Giovanello et al., 2003; Holdstock, 

2005; Mayes et al., 2002; Aggleton et al., 2005); whereas other studies reported deficits in 

both recollection and familiarity processing following hippocampal damage in amnesiac 

patients (Cipolotti et al., 2006; Wais et al., 2006; Maans et al., 2003). The discrepancy in 

these findings could be a result of the differences between medial temporal lobe damage 

in patients and/or the different testing methods. However, in general, object recognition 

memory has been found to be impaired in human patients affected by brain injury or 

neurodegenerative diseases (Buffalo et al., 1998; Holdstock et al., 2005; Laatu et al., 2003; 

Manns and Squire, 1999; Reed and Squire, 1997).  

Whilst human patient literature successfully provided insight into differentiating 

the role of the hippocampus from other parts of the parahippocampal gyrus in recollection, 
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only a limited amount of evidence were provided on the role of the perirhinal cortex on 

familiarity processes. To further elucidate the contributions of the hippocampus and 

perirhinal cortex on recognition memory, researchers have focused on the development of 

animal research and it has been proven to be a substantial improvement in part due to the 

ability to investigate the effects of selective lesions to the medial temporal lobe on 

recognition memory.  

 

1.3 Delayed non-matching to sample task 

Gaffan (1974) introduced the delayed matching to sample task with the aim to 

develop a parallel test of recognition memory in laboratory animals equivalent to that of 

human patients with anterograde amnesia. The delayed matching to sample task was a test 

of recognition memory that was evaluated by the ability of an animal to discriminate the 

familiar from the novel object. Monkeys were initially presented with object ‘A’ at sample; 

then a pair of objects ‘A’ and ‘B’ at test whereby a  food reward (typically in the form of 

a pellet) was hidden beneath the familiar object ‘A’. The monkey has to learn that the 

familiar object was rewarded, thus to pick the familiar object each time.  

Mishkin adapted Gaffans’ DMS task in 1978, by training twelve monkeys in a trial-

unique multiple trial task to select the novel object at test, instead of a familiar object. The 

delayed non-matching to sample (DNMS) task exploits the animals’ natural preference 

towards exploring novelty (Mishkin and Delaceur, 1975), and in turn resulted in monkeys 

reaching the learning criterion (90 correct out of 100 trials) in approximately one-third of 

the time compared to the DMS task. Following this, monkeys received lesions of the 

hippocampus, the amygdala or a larger lesion of the hippocampus and amygdala. Two 

weeks post-operation, monkeys were re-trained to learn the non-matching rule; then further 

tested their recognition abilities by incorporating increasing delays of 10s, 30s, 60s, then 
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120s between sample and test. This study found mild impairments in monkeys with lesion 

of the hippocampus or amygdala; but severe impairment (especially in longer delays) of 

recognition memory in monkeys with the combination of hippocampal and amygdala 

lesion. The D(N)MS task was widely used in recognition tests in monkeys (Mishkin and 

Delaceur, 1975; Mishkin, 1978; Eacott et al., 1994) and in humans (Holdstock et al., 2000) 

to investigate the neural basis of recognition memory.  Whilst lesions to the rhinal cortex 

yielded impairments to the DMS and DNMS task (Eacott et al., 1994; Munier et al., 1993; 

Zola-Morgan et al., 1989), studies investigating the effects of hippocampal lesions on 

performance in the DNMS task have yielded conflicting findings, with some studies 

reporting intact performance in the task (Nemanic et al., 2004; Murray and Mishkin, 1998), 

whilst other studies reported impairments following hippocampal lesions (Alvarez-Royo 

et al., 1991; Zola-Morgan et al., 1994; Zola et al., 2000). Although the role of the 

hippocampus on performance in the DNMS task continues to be examined, there is a 

consensus that the development of the DNMS task laid the foundation for an animal model 

of human medial temporal lobe amnesia.  

Tasks of D(N)MS were most widely used in investigations of memory in non-

human primates (Gaffan, 1974; Mishkin & Delaceur, 1975; Mishkin, 1978; Eacott et al., 

1994), which typically uses a small sample of animals and runs on multiple trials within a 

training session, which is advantageous. Also, the D(N)MS task enables the use of varying 

retention delays (Mishkin, 1978). Apart from testing recognition memory in non-human 

primates, the D(N)MS task has been modified to test rodent recognition memory in objects 

(Aggleton,1985; Kesner et al., 1993; Mumby et al., 1990; Rothbalt & Heyes, 1987) and 

odours (Otto and Eichenbaum, 1992; Winters et al., 2000). There are however, issues 

surrounding the use of DNMS task in rats. A major issue includes, the requirement to 

undergo considerable training sessions prior to test to ensure the acquisition of task rules 

(matching or non-matching). Furthermore, performance deficits could be attributed to 
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other reasons apart from memory impairment, such as the failure of learning the rules to 

the task or changes in motivation (as a result of baiting novel objects with food reward). 

Despite the advantages that come with the DNMS task, the issues tied to the task prompted 

researchers to develop a simpler task to assess recognition memory in rodents.  

 

1.4 Spontaneous object recognition task  

The spontaneous object recognition task (figure 1.1) was an adaptation of the 

DNMS task developed by Ennaceur and Delaceur (1988), which capitalises on an animals’ 

preference to explore novelty.  The spontaneous object recognition task is a simple test of 

recognition memory which addressed the weaknesses of the DNMS task, such as extensive 

training, rule learning and food reward. The spontaneous object recognition task is 

typically performed within an open field and a trial of the task consists of two phases: a 

sample and test (acquisition and retrieval respectively). At sample, which normally lasts 

between 2-10 minutes, an individual animal is allowed to freely explore a pair of identical 

objects in the open field. After a retention delay, which could range between minutes, hours 

or even days, the animal is then returned into the open field to further explore a novel 

object and a familiar object that was previously seen in the sample phase. The animal is 

said to demonstrate a memory of the familiar object previously encountered in the sample 

phase by preferentially exploring the novel object presented in the test phase. Because 

animals are able to actively explore the objects, preferential exploration is not only driven 

by visual representations, but also the tactile and olfactory properties of an object (Clark 

and Squire, 2010).  

Performance levels in the object recognition task is driven by several factors, 

stimuli salience and properties, an animals’ motivation to explore, amongst other things. 

Between lab procedural differences such as (a) lighting conditions during test in which 
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some are conducted in brightly lighted room (Whitt and Robinson, 2013; Clark et al., 2000; 

Nanfaro et al., 2010; Broadbent et al., 2010) and others in darkened rooms (Ameen-Ali et 

al., 2013; Seel et al., 2017; Silvers et al., 2007; Clarke et al., 2010); (b) experiments 

conducted in silence (Whitt and Robinson, 2013) or with the presence of white noise 

(Ameen-Ali et al., 2012; Seel et al., 2017; Ennaceur and Delaceur, 1988); (c) an animal 

receives single trial testing (Dere et al., 2005) or single trials over several days (Whitt and 

Robinson, 2013; Norman and Eacott, 2004); and (d) differences in exploration criterion 

whereby animals are given a fixed duration to explore objects (Dix and Aggleton, 1999; 

Langston and Wood, 2010; Pezze et al., 2017; Norman and Eacott, 2004; Barker and 

Warburton, 2011) or by reaching a certain level of exploration (eg. 15s of object 

exploration or 10 minutes in the open field; Kim and Frick, 2017; Zhao et al., 2012; 

Winters et al., 2004; Ainge et al., 2006). The extension of the sample phase, which 

increases the chances an animal comes in close contact with the object (active exploration), 

have been found to improve performance in the spontaneous object recognition task. Work 

by Albasser et al., (2009) found a positive correlation between the time spent actively 

exploring the objects and the success in novelty preference. Furthermore, the length of the 

test phases are equally important, as reported by Dix and Aggleton (1999), where majority 

of active exploration by rats occurred within the first 2 minutes.  

  

1.5 Applications of the spontaneous object recognition task 

The spontaneous object recognition task allows for variable retention intervals, 

ranging from minutes (Dix and Aggleton, 1999; Norman and Eacott, 2004; Langston and 

Wood, 2010; Hale and Good, 2005), to hours (Winters and Bussey, 2005; Sik et al., 2003; 

King et al., 2004; de Lima et al., 2005; Scullion et al, 2011), even days (Ennaceur and 

Delaceur, 1988; Frick and Gresack, 2003) between sample and test. The memory strength 

of the familiar stimuli is dependent on the duration of delay between the presentation of 
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stimuli at sample and the retrieval at test. Some studies of recognition memory in rodents 

have found a delay-dependent effect of memory (Sik et al., 2003; Dodart et al., 1997; 

Winters and Bussey, 2005); but not in other studies (Hammond et al., 2004; Jessberger et 

al., 2009; Winters et al., 2004; de Bruin and Pouzet, 2006; de Lima et al., 2006; Hall et al., 

2016; Taglialatela et al., 2009).  

Apart from retention intervals, the features of a stimuli also play a role in 

spontaneous object recognition task performance. For example, Norman and Eacott (2004) 

found that stimuli feature ambiguity affected performance in the spontaneous object 

recognition task. When rats were tested in the spontaneous object recognition task with 

junk objects (e.g., vases, bottles and candlesticks) comprising of different materials, shapes 

and sizes, the animals were able to successfully discriminate the novel from the familiar 

objects with retention delays of up to 24 hours. However, when objects were made out of 

Duplo, which enabled the configuration of different levels of overlapping features between 

stimuli, discrimination between novel and familiar objects were successful at retention 

delays of up to 15 minutes in the control animals. Recent work by Heyser and Chemero 

(2012) investigated the effects of object affordances on mice exploration and 

discrimination using the spontaneous object recognition task. They compared mice’ 

interaction with two types of objects: (a) objects that were able to support the weight of 

the animals and has a surface parallel to the ground; and (b) objects that could only be 

touched. The study found that animals spent more time exploring objects that could be 

climbed compared to objects that could only be touched; also, discrimination ratios were 

higher in objects that could be climbed. Providing further support that object features and 

affordances affects spontaneous object recognition task performance. 

Lesion studies have been particularly useful in elucidating the underlying neural 

mechanisms related to the spontaneous object recognition task. There is a broad agreement 

that lesions to the perirhinal cortex disrupts recognition memory capabilities in animals 
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(Norman and Eacott, 2004; Olarte-Sanchez et al., 2015; Barker et al., 2007; Winters et al., 

2008; Warburton and Brown, 2015; Ennaceur and Aggleton, 1997; Ennaceur et al., 1996). 

Although the perirhinal cortex plays a crucial role in performance in the spontaneous object 

recognition task, there is still a debate of the role of hippocampus in recognition memory. 

Whilst many studies report of hippocampal and fornix lesions not affecting performance 

in the spontaneous object recognition task (Langston and Wood, 2010; Good et al., 2007; 

Winters et al., 2004; Barker and Warburton, 2011), other studies report impairments in 

spontaneous object recognition task performance (Baker and Kim, 2002; Clark et al., 2000, 

Hammond et al., 2004). However, despite reports of impairments in the hippocampal 

lesioned animals, it is often less severe than animals with perirhinal lesions (Winters et al., 

2008) and occurs over long delays (Clark et al., 2000; Hammond et al., 2004). The 

discrepancy in these findings were addressed in studies involving rats dissociating the 

functions of the hippocampus and perirhinal cortex. Research found that rats with 

hippocampal lesions were impaired in spatial tasks but spared in the spontaneous object 

recognition; whereas perirhinal lesioned rats were found to be spared in tasks requiring 

spatial memory but not in the spontaneous object recognition task (Winters et al., 2004; 

Ennaceur et al., 1996). Findings from double dissociative studies suggests that the 

hippocampus does not play a critical role in the recognition memory of the spontaneous 

object recognition task.  

The spontaneous object recognition task and the advantages associated with the 

task have contributed to its widespread use in the investigation of recognition memory in 

rodents. Research have also found that, in comparison to the DNMS task, the spontaneous 

object recognition task was a more sensitive measure in the detection of recognition 

memory deficits (Clark and Squire, 2010). Furthermore, the relative ease of administration 

allowed for the widespread use of the spontaneous object recognition task across different 
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fields and performance in the task have been consistent across species (Clark and Martin, 

2005).  

1.6 Issues surrounding the spontaneous object recognition task 

Despite the advantages that come with the spontaneous object recognition task, 

there are methodological issues in relation to the task. First, because the exploration of 

objects in this task is driven by the animals’ spontaneous exploratory behaviour, the 

unpredictability often results in high between animal variance, and this effect especially 

pronounced when the animals are tested over a relatively low number of trials. This in turn 

decreases statistical power, and normally would be solved by running a higher number of 

trials or increasing the animal numbers in the experiment. The issue of high variance within 

the animals is further exacerbated by varying levels of exploration driven by object 

salience. When objects of different degrees of salience are paired together, animals may 

explore the objects that are more salient and possibly skewing discrimination levels. 

Careful consideration should be taken when pairing objects, to ensure that objects with 

similar salience levels are paired together and proper counterbalancing between and within 

animals, to minimise biased exploration of objects driven by salience (Ameen-Ali et al., 

2015).  

Second, because discrimination in the spontaneous object recognition task is 

measured by differential exploration between the novel and familiar object, there is a need 

to define what is meant by ‘exploration’, and the criteria that could be adequately be 

described as exploratory behaviour. Also, the methods in which discrimination is measured 

in the spontaneous object recognition task plays a role in reducing the variance associated 

with the task. Typically, discrimination levels in spontaneous tasks are measured using the 

D1 and D2 ratios (Ennaceur and Delaceur, 1988). The D1 is the difference in time spent 

exploring the novel and familiar objects, whereas the D2 is the difference between 

exploration of the novel and familiar object divided by the total time spent exploring the 
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novel and familiar object. The D2 ratio is generally thought to be a more reliable indicator 

of discrimination compared to D1, because it corrects for total exploratory activity 

(Ennaceur and Delaceur, 1988). The resulting discriminatory ratio from the D2 calculation 

will fall within the range of -1 and +1, with +1 being absolute preference for the novel 

object and -1 being absolute preference for the familiar object.   

Also, because the spontaneous object recognition task is driven by natural 

exploratory behaviour, task performance is highly reliant on the animals’ state during 

testing. To illustrate this, when animals are repeatedly handled during the task; where the 

animals are constantly being placed into and taken out of the open field during the start of 

sample, during the retention interval and test (total of 4 times each trial). The stress caused 

by repeated handling may influence exploration and disrupt performance (Yuan et al., 

2009). To illustrate, when an animal is repeatedly taken in and out of an arena, stressed 

induced neophobia (Ennaceur et al., 2009) may drive exploration away from the novel 

object, thus masking the animals’ recognition capabilities. Hurst and West (2010) provided 

evidence for this, showing that the standardised method of handling mice (by the tail) 

induced higher stress response in the elevated plus maze task compared to using the tunnel 

or cup methods.  

The spontaneous object recognition task have been instrumental in the 

investigations of object recognition memory in rodents, but this advantage was further 

extended when the task was developed to test other more complex forms of recognition 

memory. Variants of the spontaneous object recognition task that included the 

investigations of locations, contexts and combinations of location and contextual 

representation have further contributed to understanding the underlying neural 

mechanisms of recognition memory (Dix and Aggleton, 1999; Eacott and Norman, 2004; 

Langston and Wood, 2010; Norman and Eacott, 2004).  

1.7 Object location task (object-place) 
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The object recognition task was modified to test spatial location memory in animals 

(Ennaceur et al., 1997; Dix and Aggleton, 1999). There are several versions of the task that 

test spatial location in recognition memory; in the version by Ennaceur and colleagues 

(1997) a pair of identical objects (‘A1’ and ‘A2’) were placed in the top left and top right 

corner of the arena. After a retention interval, the objects are replaced with an identical 

copy of object ‘A’ (‘Af’ and ‘An’; where ‘f’ represents the familiar location and ‘n’ is 

representative of the novel location) where ‘Af’ is placed in a location previously seen by 

the animal (top left) and ‘An’ in a new location (bottom right); as a result, the animal 

should spend more time exploring object ‘An’ which is in a novel location (figure 1.1). In 

a different version of the spatial location task (figure 1.1), the object-in-place task (Dix and 

Aggleton, 1999), rats were presented with four different objects (‘A1’, ‘B1’, ‘C1’, ‘D1’), 

each located in four different corners of the arena. Following a retention delay, the animals 

were then reintroduced to the arena containing copies of the objects presented at sample, 

except the location of two objects were swapped. The animals are predicted to 

preferentially explore the objects that had swapped locations compared to objects that were 

in the same locations. 

This task was later simplified (Ameen-Ali et al., 2012; Davis et al., 2013; Eacott 

and Norman, 2004), presenting only two objects at sample (‘A’ and ‘B’), then two copies 

of the familiar object at test (‘Af’ and ‘An’). Object An would be in a novel location (where 

object B was previously seen) and the animal would be driven to explore the object in a 

novel location (An) over the object in the familiar location (Af), figure 1.1. 

The extent to which the object-location task relies on the hippocampus have been 

called into question, with some studies reporting performance deficits after 

hippocampal/fornix lesions (Ennaceur et al., 1997; Mumby et al., 2002; Save et al., 1992), 

but other studies reported successful performance in the task (Langston and Wood, 2010; 

Eacott and Norman, 2004). Langston and Wood (2010) proposed that the conflicting 
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findings may be a result of procedural differences. To examine this, they compared 

performance of animals in an allocentric and egocentric version of the object location task. 

Rats with hippocampal lesions were impaired when the task required allocentric strategy; 

but had intact performance when the task required egocentric strategies. They further 

explained that animals may have used egocentric representation to solve the task (whereby 

the animal discriminated the left-right locations of the objects based on the animals starting 

point) which is not hippocampal dependent (Eichenbaum et al., 1990); and when the 

animal is required to use allocentric strategies (due to having different start points at sample 

and test), the object-location task then becomes hippocampal dependent.   

1.8 Cellular representation of the object recognition and object location task 

 

Electrophysiological recording studies in monkeys (Miller et al., 1996; Ringo, 

1996; Brown and Xiang, 1998; Brown et al., 2010) and rats (Zhu and Brown, 1995; Zhu 

et al., 1995) have found the presence of a population of neurons in the perirhinal cortex 

which is involved in visual recognition memory. These neurons (up to 25%) have been 

shown to respond less following subsequent presentation of the previously encountered 

novel stimuli (Brown et al., 1987; Fahy et al., 1993; Li et al., 1993; Miller et al., 1993; 

Sobotka & Ringo, 1993; Xiang and Brown, 1998), thus indicate their suitability for making 

familiarity judgements. The reduction of neuronal response following repeated 

presentation of stimuli have been shown to be maintained for more than 24 hours (Xiang 

and Brown, 1998; Miller et al., 1993) and is selective to the previously seen stimuli, thus 

indicating that these neurons carry information crucial to recognition memory (Brown and 

Xiang, 1998).   

To date, no electrophysiological study examined the role of the CA1 hippocampal 

subfield on the object-location task used to investigate the memory of object location in 

this thesis. However, studies examining firing response of hippocampal neurons in rats 
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have found that the firing rates of neurons in the CA1 altered when objects were displaced 

to a novel location (Lee and Park, 2013; Kim et al., 2011; Larkin et al., 2014) and selective 

inactivation of CA1 have resulted in memory impairments in tasks of spatial novelty 

detection (Barbosa et al., 2012; Lee et al., 2005). Aside from the hippocampus, studies 

have examined the role played by the anterior cingulate cortex (Weible et al., 2009) and 

lateral entorhinal cortex (Deshmukh and Knierim, 2011) on object-location memory.  

 

 

 
Figure 1.1 represents the four different spontaneous object recognition tasks in the open 

field. The figures represent a single trial, which consists of a single sample and test 

phase, separated by a retention delay. The asterisk represents the novel object or the 

novel location configuration of an object in the test phase which the animal should 

preferentially explore. 1) Spontaneous object recognition (SOR) where the familiar 

object is swapped with a novel one; 2) Object in place with two objects; 3) object-

location, where an object is placed in a novel location in the test phase; and 4) object-in-

place with four objects, where the locations of two objects are swapped during the test 

phase.   
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1.9 Current solution to spontaneous object recognition task and its complex variants 

The need to address weaknesses of the spontaneous object recognition task has 

prompted Albasser and colleagues to introduce the bow-tie maze in 2010 (figure 1.2).  The 

bow-tie maze was developed to primarily address two shortcomings of the spontaneous 

object recognition task: 1) the time-consuming data collection when proper 

counterbalancing is considered; and 2) the repeated handling rodents receive during the 

task. This task combines the multiple trials of the DNMS task and the spontaneous free 

exploration of the spontaneous object recognition task.   The apparatus is shaped like a 

bowtie consisting of two compartments separated by a sliding door. The animal is initially 

placed in one compartment containing object A. After one minute, the door opened, and 

the animal is allowed to shuttle into the opposite compartment containing object A 

(familiar) and object B (novel). The animal should demonstrate preferential exploration 

towards the novel object B. The door reopens after 1 minute and the animal returns to the 

initial compartment, now containing object B and object C. Object B now acts as the 

familiar object and object C is novel. Food rewards are placed in a well hidden under the 

objects and rats are required to displace the objects to obtain food rewards.  

Research using the bow-tie maze has brought improvements in investigations using 

the spontaneous object recognition task. For example, this apparatus was used in 

investigations into the mechanisms of perirhinal cortex (Albasser et al., 2011; Albasser et 

al., 2015), proactive interference (Albasser et al., 2015), different lighting conditions 

(Albasser et al., 2011) of recognition memory. Aside from the spontaneous recognition 

task, the bow-tie maze was also used in investigations of spatial (object-in-place; Nelson 

and Vann, 2014) and temporal order/recency memory (Olarte-Sanchez et al., 2014; 

Kinnavane et al., 2014). The novel object of trial 1, served as the familiar object of trial 2. 

The time taken to run a single trial, with 1-minute trial length and short retention delays, 

meant that the time to complete a 16-trial session would take approximately 17 minutes.  
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Also, rats do not learn the non-matching to sample rule in this maze because both objects 

are baited with food reward. Despite the advantages of the bow-tie maze, it is difficult to 

run tasks that incorporate spatial representations, such as the location-context task (Easton 

et al., 2011) and episodic-like memory task examining the memory of object, location and 

context (Eacott and Norman, 2004).  

So, to address the weaknesses of the bow-tie maze, Ameen-Ali et al., (2012) 

developed an E-shaped maze (figure 1.3) distinct from the bow-tie maze by having two 

chambers (arenas) which served different purposes: a holding arena and an object arena. 

The separation of the testing and holding chamber would make it easier to incorporate 

tasks requiring spatial and/or contextual information. Unlike in the bow-tie maze, animals 

are able to apply egocentric or allocentric strategies to spatial tasks. Furthermore, the 

apparatus was designed with a rotatable object arena containing four distinctive contexts, 

allowing tests which rely on contextual cues. Both compartments are separated by three 

doors, a central door and two side arm doors.   

At the beginning of the testing session, the rat is placed in the holding arena, the central 

door opened and the rat shuttled into the object arena containing a pair of identical objects. 

After two minutes of exploration, the side arm doors open to allow the rat to return to the 

holding area for 1 minute. During this time, the experimenter would swap the objects 

around in the object arena to prepare for test. The central door opened and the rat is now 

presented with a copy of the familiar object and a novel object. At the end of the test phase, 

the animal returns to the holding area via the side arm doors. During the 1-minute inter-

trial interval, the experimenter sets up another set of objects to prepare for the next trial. 

Two food pellets were placed close to the familiar and novel objects as motivation to 

encourage rats to actively explore objects. The continual trials apparatus provided a 

method to directly compare the object location task with previous studies using the task 

(Davis et al., 2013; Dix and Aggleton, 1999). Thus far, the continual trials apparatus was 
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successful in validation of the spontaneous object recognition, object-location and object-

context task (Ameen-Ali et al., 2012). Recently, Seel et al., (2017) developed a variant of 

the continual trials apparatus (figure 1.4) which was used to examine the cholinergic 

pathways in the hippocampus and its effects on the what-where-which (episodic-like 

memory) task and where-which (location-context) task.   

The ability to run multiple trials within a testing session without the repeated handling 

resulted in a methodology with increased sensitivity and power (Ameen-Ali et al., 2012). 

Because the task is run in a similar way to an open field, whereby testing takes place in a 

single compartment, performance of animals in the continual trials apparatus could be 

compared to findings from previous studies, and Ameen-Ali found that performance of 

rats in the continual trials apparatus was comparable to performance of rats from Norman 

and Eacott (2005) study. The development of the continual trials apparatus has been shown 

to reduce the number of rats used in spontaneous tasks by 50% whilst maintaining 

statistical power comparable to previous studies running one trial a day (Ameen-Ali et al., 

2012). 

The continual trials approach to testing spontaneous recognition tasks has been proven 

to be a useful improvement to the investigations of spontaneous object recognition task 

and its complex variants (Ameen-Ali et al., 2012; Seel et al., 2017). However, to fully 

capitalise on the advantages of the continual trials apparatus, especially in the field of 

neuroscience research, the continual trials task should be extended to test spontaneous 

object recognition in mice.  
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Figure 1.2 depicts the bow-tie maze and the general procedure of task. The animal was 

initially placed in a compartment containing object ‘A’ (sample phase) and after a 

retention delay, objects ‘A’ and ‘B’ (test phase) and this procedure is continued until the 

end of the testing session. The arrow within the bow-tie maze represents the movement 

of the animal in between compartments. Image obtained from Albasser et al., 2009.  
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Figure 1.3 represents the photograph and schematic diagram of E shaped continual trials 

apparatus. The animal starts the trial in the holding area (white area in the diagram and 

black area in the photograph), the central door opened, and the animal shuttled into the 

object area (grey area) which contained a pair of identical object. After exploring the 

objects, the side arm doors opened, and the animal returned to the holding area, while 

the experimenter swapped the objects in the object area to prepare for the test phase. The 

central door opened once more, and the animal shuttled into the object area. This time 

the animal is exposed to two objects, the familiar object from the sample phase and a 

novel object. The arrow within the continual trials apparatus represents the movement 

of the animals between the holding and object area. The letters represent the objects that 

are encountered by animals during the testing session. The image is obtained from 

Ameen-Ali et al., (2012).  

 

 
Figure 1.4 depiction of the continual trials apparatus developed by Seel et al., (2017). 

The left side of the apparatus (TA) represents the test area, whereas the right side if the 

image (H) represents the holding area. The objects are placed in the test area.  
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1.10 How different are mice from rats?  

Rodents (mice and rats) have been the most widely used models in animal research 

for several decades. However, the advancement in molecular and genetic research in the 

manipulation of mouse genome have seen the shift of biomedical research in favour of 

mice. Initially, rats have been the rodent of choice when studying cognition (Morris, 1984; 

Ennaceur and Delaceur, 1988; Save et al., 1992; Norman and Eacott, 2004). The increase 

in the use of rats in neuroscience research was partially due to the low cost relative to non-

human primates and the efficiency involved in conducting physiological and behavioural 

in rodents (Jaramillo and Zador, 2014). However, in recent years, there has been an 

increase in the use of mice as an experimental model from 20% in the 1970’s and 1980’s 

to 50% in recent years (Ellenbroek and Youn, 2016) and was propelled by the introduction 

of genetic manipulation techniques in mice and the availability of hundreds of transgenic 

lines that target genes (Madisen et al., 2010; Taniguchi et al., 2011; Gerfen et al., 2013); 

which plays a critical role in understanding the neural underpinnings of behaviour and 

cognition. However, the rapid increase in the use of mice in behavioural research have led 

to the situation where mice are tested in behavioural paradigms which were originally 

designed for rats with little consideration about the differences between both species and 

using them as though they are interchangeable (Hok et al., 2016; Frick et al., 2000; 

Wishaw, 1995; Wishaw and Tomie, 1996; Stranahan, 2011).  

One of the most common feature of found in psychiatric and neurological diseases 

is the impairments of cognitive abilities. Cognition however, encompasses a broad area 

comprising of different components and one such aspect is short-term and long-term 

memory. Thus far, the most commonly used paradigm to study spatial learning and 

memory is the Morris water maze (Morris, 1984). This behavioural assay involves the 

placement of an animal in a circular pool of water, and they are required to search for an 

invisible platform hidden underwater. A variant of the task involved placing the animal at 
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different start positions within the pool so they learn to use external cues to navigate and 

find the hidden platform. Wishaw and Tomie (1996; see also Frick et al. 2000; Stranahan, 

2011) have found that when performance of mice (C57BL/6J) and rats (Long-Evans) were 

compared in the Morris water maze task, mice had more difficulties in learning to find the 

platform compared to rats. They proposed that the differences in performance was due to 

species differences, where rats inhabit burrow systems, which result in the competency in 

mazes, but also well adapted to water, which prepares rats to water-based tasks (Wishaw 

and Tomie, 1996). This idea was further supported when performance of mice and rats 

were similar on dry-land mazes; suggesting that rats and mice do not differ in spatial 

abilities but differences in performance were caused by non-spatial differences. In a more 

detailed analysis by Lipp and Wolfer (1998), it was found that mice performance is largely 

influenced by the extent to which mice swim at the outer walls of the pool instead of the 

development of a spatial learning strategy. It should be noted however, that there are strains 

of mice that are able to find the hidden platform better than other strains, suggesting strain-

by-strain differences (Vorhees and Williams, 2015). These findings indicate that, while 

mice may be able to locate the hidden platform, they use different strategies in order to 

complete the task, hence showing that the Morris water maze task may not be a suitable 

test of spatial learning and memory in mice.  

Aside from the performance in the Morris water maze task, there are other 

differences in learning exist between rats and mice, such as habituation and length of 

training sessions. Though not systematically studied, a small body of research have pointed 

out that mice take a substantially longer time to habituate to the task and often need lengthy 

training sessions to learn the task (Colaccico et al., 2002; Jaramillo and Zador, 2014; 

Prusky et al., 2000) and experience higher levels of stress and anxiety. Colaccico and 

colleagues (2002) reported that, in a task measuring higher-cognitive function in mice, 
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performance of mice over time in the task became more erratic compared to rats, hence the 

need to extend the trial length to one hour, with training spanning over several days.  

The use of rodents (mice and rats) in research was to model aspects of human 

function and physiology, and most importantly to further the understanding of human 

diseases. However, the availability of mouse transgenic lines have greatly increased the 

use of mice as a model of disease in neuroscience research. With the cognitive and 

behavioural differences highlighted above, consideration have to be taken when translating 

a behavioural task initially designed for rats to mice.  

 

1.11 Conclusions 

The spontaneous object recognition tasks have been proven to be instrumental in 

the understanding of the neurobiological underpinnings of recognition memory in animals. 

While there are methodological issues surrounding the task (Ennaceur, 2010), the 

spontaneous object recognition tasks are relatively easy to administer, require no pre-

training or reinforcement. This allowed the task to be administered without the concern of 

motivation or learning of rules.  

The studies reviewed in this chapter clearly indicate that the perirhinal cortex is 

crucial to object recognition memory and plays some role in the representations of objects 

and their locations. The role of the hippocampus in object recognition memory, however 

is unclear, but evidence suggest that the hippocampus is not important for familiarity-based 

recognition.  

The present chapter also reviewed the shortcomings of the spontaneous object 

recognition tasks and presented potential solutions to those disadvantages. The solutions 

presented incorporated the multiple trials feature of the delayed-non-matching to sample 

task and the spontaneous exploration of the object recognition task that have been 
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developed in rats. The continual trials approach presented in the present chapter provided 

a more reliable and sensitive task, by reducing the variance of animal behaviour often 

associated with spontaneous object recognition tasks. The advantages provided by the 

continual trials paradigm could be further extended to test mice, which is crucial because 

recognition memory is often impaired in models of diseases and the translation of the 

continual trials to mice would provide a more reliable method of testing recognition 

memory in mice, especially in diseased models and pharmacology. A further advantage of 

the continual trials method was that it would allow for significant improvement in terms 

of the 3Rs (Replacement, Reduction and Refinement), and this is important in animal 

research, as the continual trials approach provided a refined method of assessing 

recognition memory in rats whilst reducing the number of animals typically used in the 

task by 50% (Ameen-Ali et al., 2012). The following chapters of this thesis will present 

findings of validation of the continual trials approach in mice.  
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 1.12 The aims and hypothesis of this thesis 

 

The primary objective of this thesis was to improve the methodology of recognition 

memory tests in humans and animals. The aim was to address methodological issues often 

found in spontaneous recognition tasks in mice and to take an existing continual trials 

approach originally developed in rats and translate it in mice. The continual trials 

apparatus, as shown by Ameen-Ali and colleagues (2012), is a highly reliable method of 

assessing recognition memory in rats. This is due to the running of multiple trials within 

the session, which reduces the variance associated with spontaneous tasks, and this in turn 

reduces the number of animals used to obtain statistically meaningful results. Despite the 

advantages of the continual trials approach, careful considerations must be taken to 

successfully translate the continual trials approach to mice. In part due to behavioural 

differences between rats and mice; but also, because observations from previous studies 

(Colaccico et al., 2002) saw that mice had higher levels of stress, anxiety, and erratic 

behaviour. This thesis hypothesise that a smaller number of mice can be used to obtain 

statistically meaningful finding comparable to that of previous studies that tested 

recognition memory in mice using standard spontaneous object recognition tasks.  

The second objective of this thesis was to further validate and generalise the novel 

continual trials approach in aging mice and a diseased mouse model. A series of 

behavioural experiments was carried out to assess the age-related changes in recognition 

memory (object and object-place) in ageing mice from 7 months of age and 16 months of 

age (Chapter 4). Following the establishment of age-related changes in recognition 

memory in normal ageing mice (C57BL/6J), the thesis sought to extend the functionality 

of the continual trials apparatus to a transgenic mouse model of Alzheimer’s disease. The 

age-related changes of TASTPM (APPxPS1) mice recognition memory (object and object-

location) was examined using the continual trials apparatus (Chapter 5).  
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The third aim of the thesis was to extend the applicability of the continual trials 

apparatus by applying the continual trials approach investigate the effects of a 

pharmacological substance on recognition memory in mice. The continual trials task was 

adapted to incorporate variable retention delays (1-, 4- and 24-hours; Chapter 6) and the 

newly developed method was used to investigate the role of NMDA receptors on object 

recognition memory (Chapter 7). 
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Chapter 2 

 

2.0. General Methods 

This chapter details the general protocols employed in experiments in this thesis 

(chapters 3 – 7). Variants of methods and changes are detailed in the relevant sections.  

The procedures of studies in this thesis were conducted in accordance with the UK 

Animals (Scientific Procedures) Act 1986 and associated guidelines, as well as the EU 

directive 2010/63/EU.  

 

2.1. Apparatus  

The apparatus used in this experiment was a rectangular arena (50cm x 42cm x 

20cm) comprised of a holding area and an object arena. The two areas were divided by 

black guillotine doors of which the width of the outer arm doors measured at 10cm and the 

central arm door measured at 15cm. A schematic diagram and an image of the apparatus 

can be seen in figure 2.1. The doors were operated by the experimenter during the 

experiment to allow the animal to shuttle from the object arena to object arena vice versa. 

During the experiment, the objects were placed at the back-left and back-right corner of 

the object arena with a distance of approximately 3cm from the walls to allow optimum 

object exploration. Two food wells, each in holding and object area, were located in the 

middle of the far end walls of the apparatus in the respective areas (refer to ‘black dots’ in 

figure 2.1 left). The apparatus was made out of 10mm opal acrylic and the floors of the 

apparatus comprised of a grey legoTM surface. The apparatus was covered by a clear 

Perspex roof measuring at 50cm x 42 cm. An overhead camera was fixed at a height of 1.0 

metre above the apparatus to provide a top-down view of the apparatus. The camera was 

connected to a LG DVDR recorder and a 22 inch screen to allow the experimenter to 

monitor the animals’ activity within the apparatus. 
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The apparatus was placed in the far-left corner of an experimental room on a table 

that was 30 inches in height. The room was illuminated by diffused lighting originating 

from a sole table lamp equipped with a 50w lightbulb. White noise was continuously 

played in the background during the course of the experiment to mask any extraneous 

noise.  
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Figure 2.1: Left Represents a schematic diagram of the apparatus. The grey area in the 

apparatus represents the object arena, whereas the white area represents the holding area 

of the apparatus. The dotted line symbolises the doors that can be opened and closed to 

allow the animals to shuttle from one compartment to the next. The black dot in the 

apparatus signifies the ‘well’ in which the condensed milk solution is placed during the 

experiment. Right depicts an image of the continual trials apparatus. As shown in the 

image, objects were located in the back-left and back-right corner of the apparatus.  
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2.2. Objects 

Various junk objects were used in experiments in this thesis, each of which had 

different colours, textures, shapes and sizes (examples can be seen in figure 2.2). The 

objects were made out of different materials, including ceramic, plastic, rubber, glass, 

metal and combinations of those materials. The minimum dimension of an object used in 

experiments was 4.5cm in height and 4.0cm in diameter; whereas the maximum dimension 

of an object was 17.0 x 7.5 cm. Three identical copies of objects were used in the 

experiment to prevent bias caused by olfactory cues and to ensure that objects were not 

reused during the experiment. To further reduce potential bias, the objects were wiped 

down with 70% ethanol wipes in between animals. Copies of objects were used once in a 

session and were not repeated unless stated otherwise in the method section of the 

following chapters.  
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a. b. c. 

   
9.0 x 7.0 cm 13.0 x 7.5 cm 10.0 x 3.5 cm 

d. e. f. 

   
7.0 x 7.5 cm 7.0 x 9.0 cm 11.5 x 9.0 cm 

 

Figure 2.2 shows examples of objects and their corresponding measurements in height and 

diameter. The objects were of different sizes, materials and colours. As shown, a) is a bird 

made out of plastic; b) is an object obtained by a combination of two objects: a plastic 

bowling pin and a glass cup; c) and d) are made out of ceramic or clay; e) is a truck made 

out of plastic and rubber and; f) is a lamp made out of metal and glass.  
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2.3. Pre-training and habituation 

2.3.1. Spontaneous object recognition and object-location task 

After arrival, mice were given 7 days to acclimatise to their new environment prior 

to receiving five-minute handling sessions from the experimenter over a 5-day period. 

Following this, the animals, whilst in their home cages, were taken to the experiment room 

for 10 minutes to acclimatise to the surroundings prior to pre-training.  

Pre-training consisted of four stages, with the purpose to habituate the animals to 

the environment and apparatus.  

 

Stage 1 (Day 1)  

Mice, together with their cage groups, were placed in the apparatus in groups to 

allow free exploration of the maze for 30 minutes. The side arm doors and central door 

was removed to allow the animals to freely explore the apparatus without any obstruction. 

Mice were encouraged to explore the apparatus by placement of 0.1ml (50% vol) 

sweetened condense milk (Nestle); milk was placed at random all over the floors of the 

apparatus. 1.0ml sweetened condense milk solution was allocated to each mouse. Mice 

progressed to stage 2 pre-training once 80% of milk solution was consumed.  

 

Stage 2 (Day 2) 

Mice were singly placed into the apparatus to freely explore the apparatus for a 

total of 20 minutes. Identical to stage 1 pre-training, side arm doors and the central door 

was removed from the apparatus and food was not replenished during this stage of pre-

training. 0.1ml droplets of 50% sweetened condensed milk were placed randomly on the 

floors of the apparatus totalling 1ml for each mouse. Shuttling training only began when 

animals consumed at least 80% of the milk in the apparatus. 
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Stage 3 (Day 3-5) 

Mice received shuttling training in the apparatus; mice were trained to shuttle 

between holding and object arena by manipulation of the doors by the experimenter. The 

animal was initially placed into the holding arena which contained a drop of sweetened 

condensed milk solution. Once the animal consumed the milk, the experimenter opened 

the central door to allow the mouse to shuttle through to the object arena. As soon as the 

animal entered the object arena, the experimenter shuts the central door and replenishes 

the food well in the holding arena.  Immediately after the animal consumed the food in the 

object arena, the experimenter opened the side arm doors to allow the animal to come 

through to the holding arena to retrieve food. After the animal returned to the holding 

arena, the experimenter closed the side arm doors and replenished the food in the object 

arena. This procedure was repeated until the end of the 10-minute training session. Animals 

progressed to the next stage when they were able to immediately shuttle between holding 

and object arena within 10 seconds. Milk droplets were used as motivation to encourage 

shuttling, placed at areas specified in figure 1 and replenished once consumed by the 

animals.  

The animals were given a time limit of 5 minutes to shuttle from one compartment 

to the next and animals that took more than 3 minutes were made note of. 

 

Stage 4 (Day 6) 

This stage involved exposing mice to objects in the apparatus. The purpose of this 

stage was to habituate animals to the objects in order to prevent neophobia. Mice were 

exposed to a pair of identical objects for 3 minutes. During this stage, mice were initially 

placed in the holding area, the central doors open to allow the animal to shuttle into the 

testing area where a pair of identical objects was placed at the far corners of the object 

arena with a distance of 3cm from the walls. After 2 minutes in the object arena, the side 
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arm doors open so the mice were able to shuttle back into the holding area where the animal 

will sit for 1 minute while the experimenter switched the objects. This protocol was 

repeated until mice exposed to all four pairs of objects. Similar to stage 3, 0.1ml droplet of 

condensed milk were replenished in the holding and object arena each time it was 

consumed by the mouse. The animals do not re-encounter the objects from stage 4 during 

test. 
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2.4 Task Protocol 

2.4.1 Spontaneous object recognition task 

For each animal a session constituted 16 trials. A single trial structure was as 

follows: sample phase, followed by a retention delay, a test phase and an inter-trial interval. 

A mouse was initially placed in the holding area of the apparatus. During the initial sample 

phase at the beginning of the session, the central door opened to allow the animal to shuttle 

through into the object arena of the apparatus which contained a pair of identical objects 

‘A’ (each located at the back-left and back-right corners of the apparatus). The animals 

were given 2 minutes to explore the objects in the object arena.  At the end of the sample 

phase, the side doors were opened to allow the animal to return to the holding area for 1 

minute while the objects were changed to prepare for the test phase. After this 1 minute 

period, the central door opened once more and the animal shuttled back into the object 

arena of the apparatus for the test phase. During the test phase of the trial, the animal would 

be presented with a copy of the familiar object ‘A’ and a novel object ‘B’ for 2 minutes. 

After 2 minutes, the side doors opened and the animal was allowed to return to the holding 

area for a 1 minute inter-trial interval to wait for the next trial. This procedure was repeated 

for 16 trials. 0.1mL of 50% sweetened condensed milk solution was replenished in both 

the holding and object arena each time after it was consumed by the animal and after the 

animal shuttled to the next compartment (the protocol of this experiment can be seen in 

figure 2.3 upper).  

 

The location of the novel objects were counterbalanced to prevent any side biases 

that could occur within the testing session and between animals. This was achieved by 

having equal numbers of the novel objects presented on the left and right side of the 

apparatus during test. Furthermore, objects were counterbalanced between animals to 

minimize possibility of exploratory behaviour driven by object salience. All possible 
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combinations of the objects (four in total) were worked out, and then assigned to animals 

in the group, for example, a group of four mice would receive the following: AA:AB; 

AA:BA; BB:AB; BB:BA.  

 

The criteria for ending the testing occurred when the animal failed to shuttle to the 

next compartment within 3 minutes of the door opening, or at the end of the prescribed 16 

trials. If the animal failed to shuttle within the allotted time frame, the testing session would 

cease and the animal would be excluded from the data analysis of the experiment.  

 

2.4.2 Object-location task 

The animals in this experiment encountered novel and familiar objects in a 16 trial 

session. At the start of the session, the central door was opened so the animal could shuttle 

into the test area which contained novel object ‘A’ and ‘B’. After 2 minutes of exploring 

the pair of objects, the side door was opened to allow the animal to return to the holding 

area for a 1 minute retention delay. After 1 minute, the side doors open to allow the animal 

to shuttle back into the test area which contained a pair of object ‘A’ (A and A’), in which 

object A was located in a familiar location and object A’ at a novel location. The side doors 

were opened once more after 2 minutes and the animal shuttled back to the holding area 

for 1 minute to wait for the next trial. This procedure was repeated for 16 trials (refer to 

figure 2.3 lower for experimental protocol).  

 

Similar to the spontaneous object recognition task, novel object location were 

counterbalanced in order to prevent biases that may occur during the session or between 

animals. The library of objects that were used in the studies was trial unique.  

Also, if animals failed to shuttle between compartments within 3 minutes, the animal 

would then be excluded from the analysis.  
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Spontaneous object recognition 

 

Object location 

 
Figure 2.3 Upper Represents an example of the continual trials version of the 

spontaneous object recognition task and the object location task (Lower). The mouse 

begins the session in the holding arena (white area) and shuttles to the object arena (grey 

area) for the start of the sample phase. After two minutes of exploration, the side arm 

doors open to enable the mouse to return to the holding area. During this time, the 

experimenter changes the objects to prepare for the test phase. The central door opens to 

allow the mouse to enter the object arena containing a familiar and novel object. This 

procedure is repeated for each trial until the mouse has completed the allocated trials 

within the session. The shape at the back-left and –right corner represents objects from 

sample to test phase and the novel objects are highlighted with a red square. Both black 

dots in the apparatus represent food wells. 

 

 

  



60 

 

2.5 Behavioural analysis 

Animal behaviour throughout the experiment was recorded onto a DVD and 

manually scored off-line using a stopwatch program (Keypad Scoring, GSK). Object 

exploration was measured when the nose of the animal was directed towards the object 

with a distance of less than 1cm or when the paw of the animal was touching the object 

and their nose was directed within 45° angle from the object. Exploratory behaviour was 

not measured when the animal was climbing or sitting on the object using it as a platform 

to rear upwards.  

 

Two measures were used in the studies to determine discrimination between the 

novel and familiar object: D1 and D2 ratio (Ennaceur and Delaceur, 1988). D1 is obtained 

from calculating the difference of time spent exploring the novel object minus the familiar 

object.  

D2 ratio was calculated by dividing the difference of the novel and familiar object 

exploration times with the total exploration time. The resulting D2 scores would fit into a 

range of value between +1 to -1, with +1 indicating total preference towards the novel 

object; -1 indicating complete preference towards the familiar object; and 0 showing no 

preference to either the novel or familiar object. D2 ratio is a discrimination measure in 

which D1 is corrected by total exploration time (E2) (Sik et al., 2003). 

 

There are two methods to measure D2 over multiple trials, which includes averaged 

D2 and Updated D2 ratios. The averaged D2 ratio is a ‘running average’ of trials to the end 

of the predetermined number of trials. When measured this way, all trials, regardless of 

exploration times, have equal weighting. The Updated D2 ratio on the other hand, was the 

calculated D2 score on a given trial derived from the cumulative exploration times up to 

that trial (Albasser et al., 2010; Ameen-Ali et al., 2012). Ratios derived from this method 
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results in trials that are weighted differently based on the total exploration times; trials that 

have higher exploration times will have a higher weighting compared to that with lower 

exploration times. This method of measurement is more in line with labs that exclude trials 

with small amounts of exploration times (eg. less than 15 seconds, Frick and Gresack, 

2002; Langston and Wood, 2010). However, excluding trials in a continual trials approach 

would remove potentially important information that may occur during the session. 

Therefore, the updated D2 score, that weighs trials based on different levels of exploration, 

is a more suitable measure in a continual trials approach than the exclusion of trials within 

the session. The formulae for calculating the averaged and updated D2 ratios is shown in 

figure 2.5.  

 

Exploration: 

 

E2 = Novel object exploration A (sec) + familiar object exploration B (sec) 

 

Discrimination: 

 

D1 = Novel object exploration A (sec) – familiar object exploration B (sec) 

 

D2 = Novel object exploration A (sec) – familiar object exploration B (sec) 

         Novel object exploration A (sec) + familiar object exploration B (sec)  

      = D1 

         E2 

 

Figure 2.4. E2 is the total time spent exploring the familiar object (a) and novel object 

(b). D1 and D2 are discrimination measures to determine between the novel and familiar 

objects. D1 is the difference between the novel and familiar object. D2 ratio was obtained 

by dividing the difference in exploration times (D1) and total exploration times (E2).  
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Averaged D2 curve  

 

𝑇1 = (
𝐷2𝑇1

𝑇1
) 

𝑇2 = (
𝐷2𝑇1 + 𝐷2𝑇2

𝑇2
 ) 

𝑇3 = (
𝐷2𝑇1 + 𝐷2𝑇2 + 𝐷2𝑇3

𝑇3
 ) 

𝑇4 = (
𝐷2𝑇1 + 𝐷2𝑇2 + 𝐷2𝑇3 + 𝐷2𝑇4

𝑇4
 ) 

𝑇5 = (
𝐷2𝑇1 + 𝐷2𝑇2 + 𝐷2𝑇3 + 𝐷2𝑇4 + 𝐷2𝑇5

𝑇5
 ) 

𝑇𝑛 = (
𝐷2𝑇1 + 𝐷2𝑇2 + 𝐷2𝑇3 + 𝐷2𝑇4 + 𝐷2𝑇5 … + 𝐷2𝑇𝑛

𝑇𝑛
 ) 

 

 

Updated D2 curve  

 

𝑇1 =
𝐷1𝑇1

𝐸2𝑇1
 

𝑇2 = (
𝐷1𝑇1 + 𝐷1𝑇2

𝐸2𝑇1 + 𝐸2𝑇2
) 

𝑇3 = (
𝐷1𝑇1 + 𝐷1𝑇2 + 𝐷1𝑇3

𝐸2𝑇1 + 𝐸2𝑇2 + 𝐸2𝑇3
) 

𝑇4 = (
𝐷1𝑇1 + 𝐷1𝑇2 + 𝐷1𝑇3 + 𝐷1𝑇4

𝐸2𝑇1 + 𝐸2𝑇2 + 𝐸2𝑇3 + 𝐸2𝑇4
) 

𝑇5 = (
𝐷1𝑇1 + 𝐷1𝑇2 + 𝐷1𝑇3 + 𝐷1𝑇4 + 𝐷1𝑇5

𝐸2𝑇1 + 𝐸2𝑇2 + 𝐸2𝑇3 + 𝐸2𝑇4 + 𝐸2𝑇5
) 

𝑇𝑛 = (
𝐷1𝑇1 + 𝐷1𝑇2 + 𝐷1𝑇3 + 𝐷1𝑇4 + 𝐷1𝑇5 … + 𝐷1𝑇𝑛

𝐸2𝑇1 + 𝐸1𝑇2 + 𝐸2𝑇3 + 𝐸2𝑇4 + 𝐸2𝑇5 … + 𝐸2𝑇𝑛
) 

 

Figure 2.5 shows the formulae for calculating the averaged D2 and updated D2 curves 

within a testing session. T1, T2, T3 represents the trial number (trial 1, trial 2 and trial 3) 

where Tn denotes the nth trial within the session. D2 represents the discrimination ratio, 

D1 denotes the difference between novel and familiar object exploration, whereas the E2 

represents the total exploration times.  
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Chapter 3 

Study 1: Validation of the continual trials apparatus in mice 

 

3.1 Introduction 

The present chapter of this thesis aimed to validate the mouse version of the 

continual trials approach to running spontaneous object recognition task and its variants. 

Methodological issues often associated with spontaneous object recognition tasks were 

identified (see also introductory chapter 1); and a solution to the shortcomings of the 

spontaneous object recognition task was proposed in this chapter. The continual trials 

approach was used to assess spontaneous object recognition and object location memory 

in mice. Successful adaptation of the continual trials method in mice would then suggest 

future potential in the field of neuroscience and pharmaceutical research.  

 

The spontaneous object recognition task and its variants have been widely used to 

investigate different types of recognition memory in rodents, such as memory of an object, 

object-place, context-place, and a combination of object-place-context (Ennaceur and 

Delaceur, 1988; Dix and Aggleton, 1998; Eacott and Norman, 2004). These tasks are 

commonly employed as a measure of memory in the investigations of the effect of lesions 

(Ennaceur, Neave and Aggleton, 1997; Winters and Bussey, 2005), pharmacological 

substances (Fan et al., 2010; Zhao et al., 2012) and transgenes (Howlett et al., 2004; Davis 

et al., 2013) in rodents. Capitalising on an animals’ natural preference towards novelty, 

object recognition memory is demonstrated when an animal preferentially explores a novel 

object over a familiar object. For example: A standard object recognition task consists of 

two phases, a sample phase and a test phase. In the sample phase, an animal is exposed to 

a pair of identical object ‘A’ (eg. a vase). Following a retention delay, the animal would 

then be exposed to two objects (test phase), the familiar object ‘A’ from the sample phase 
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and a novel object ‘B’ (eg. a vase and a glass bottle). At test, the animal is expected to 

show preferential exploration towards the novel object ‘B’ (eg. the glass bottle); indicating 

a form of representation of object ‘A’ (eg. the vase) in memory (Ennaceur, 2010).  

 

Before the widespread use of the spontaneous object recognition task, the delayed 

non-matched to sample task (DNMS) was used to assess object recognition and to underpin 

the neurobiological basis of memory in animals. This task was initially used in monkeys 

to investigate the effects of lesions on memory (Mishkin, 1978; Mishkin and Delacour, 

1975, Eacott et al., 1994) and further adapted to test rodent memory (Aggleton, 1985; 

Mumby et al., 1990; Mumby & Pinel, 1994; Kesner et al., 1993). However, the DNMS 

studies in rats have been shown to be unreliable, with some studies reporting impairments 

(Mumby et al., 1992; 1996), while other studies reported intact performance (Aggleton, 

1985, Mumby et al., 1996; Clark et al., 2001) in the task after lesions to the hippocampus.  

 

It should be noted that, there have been several issues surrounding the use of 

DNMS task in rats that may have resulted in conflicting findings. One of which requires 

an animal to undergo extensive training involving a high number of trials to ensure an 

animal learn the matching or non-matching rules (Dix and Aggleton, 1999). Also, the 

findings from the task would be difficult to interpret especially over long delays. This 

difficulty arises from having to discern if performance was a result of delay-dependent 

memory impairment, from the animal forgetting the non-matching rule required of the task, 

or the changes in motivation resulting from the presence of food reward (Clark et al., 2001). 

It is therefore essential to utilise a task assessing memory without the need to undergo 

lengthy training sessions and food reward.  
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The spontaneous object recognition task however, is relatively easy to administer, 

and unlike the DNMS task, does not require food reward and animals do not need to 

undergo lengthy training sessions. Also, performance levels in the spontaneous object 

recognition task has been consistent across species (Clark and Martin, 2005; van Goethem 

et al., 2012). Despite the advantages of the spontaneous object recognition task, data 

collection could be time consuming due to the one trial a day nature of these tasks. 

Furthermore, there are substantial procedural differences in which the standard object 

recognition has been conducted across different labs, such as, lighting conditions, food 

deprivation or lack thereof and the presence of white noise. 

 

External stress inducing factors could also lead to impairments in spontaneous 

recognition tasks (Yuan et al., 2009; Baker and Kim, 2002). Hurst and West (2010) 

demonstrated that particular types of handling induced aversion and anxiety in rodents, 

subsequently affecting performance in behavioural experiments. For example, when an 

animal is rapidly and repeatedly taken in and out of the arena, the animals could suffer 

from stress, which in turn might drive the animals’ behaviour towards the familiar object 

and away from the novel object, masking the animals’ recognition capabilities. Baker and 

Kim (2002) provided evidence that when an animal was exposed to uncontrollable stress, 

after a 3-hour delay, recognition memory in the animals were severely impaired.  

 

Therefore, to address the limitations of the spontaneous object recognition task, 

Albasser and colleagues (2010) introduced the bow-tie maze which combined features of 

the DNMS task (multiple trials per session) and the spontaneous object recognition task 

(spontaneous preference for novelty).  The bow-tie maze consisted of two compartments 

which were divided by a guillotine door. Both compartments acted as object arenas.  In 

brief, the rat was placed in one of the compartments which contained object ‘A’. After the 
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rat explored the object, the door was opened, and the rat shuttled to the other compartment 

containing a copy of the familiar object ‘A’ paired with a novel object ‘B’. Soon after, the 

door was opened to allow the animal to shuttle back into the initial compartment, now 

containing a copy of object ‘B’ and a novel object ‘C’. This procedure was repeated for 

the whole session allowing 30 trials. In this study, instead of presenting a new set of objects 

at the beginning of each trial, the novel objects in one trial will serve as a familiar object 

in the following trial. To encourage active exploration of objects, rats were trained to 

displace objects to obtain a food reward placed in a well concealed by each of the objects. 

The protocol of the bow-tie maze was further modified (Albasser et al., 2010), and the one-

well procedure was introduced, where food was placed in between the test objects instead 

of under the objects. They reasoned that the modification was examined because it would 

exclude exploration time that were drawn from the attempt to displace objects and the 

protocol would be suitable for small rodents (such as mice) that are unable to displace 

objects. The one-well protocol was then tested in mice. In this experiment, (Albasser et al., 

2010, experiment 4) instead of food pellet, 0.1 mL of condensed milk solution was placed 

at the far walls of both the compartment in between the pair of objects. The one-well 

concept used in the experiment was especially suitable for the testing of smaller rodents 

such as mice because less food would be consumed and thus a smaller chance that 

exploration would be driven by changes in motivation as a result of food consumption. 

Although the bow-tie maze presented a solution to several shortcomings in the spontaneous 

object recognition task such as, data collection that is time consuming and considerable 

behavioural variance; the inherent structure of the bow-tie maze, in which the 

compartments are essentially a mirror reflection of each other makes the bow-tie maze 

paradigm inappropriate to test spatial memory because of the difficulty in discriminating 

allocentric and egocentric approaches which is essential in performing spatial memory 
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tasks (Ameen-Ali et al., 2012). Due to the difficulty in running spatial tasks, the bow-tie 

maze is not directly comparable to other studies of spontaneous tasks.  

 

Ameen-Ali et al., recently (2012) introduced a new paradigm with a similar concept 

to the bow-tie maze by combining features of the DNMS task and spontaneous object 

recognition task but which allowed for the testing of not only the spontaneous object 

recognition, but also the variants of the task (eg. object-location task and object-in-context 

task). In contrast to the bow-tie maze, the continual trial apparatus consisted of a holding 

area where the animal was placed before the start of the session and in between trial and 

an object area to hold objects during the sample and test phases of each trial (see figure 1.2 

and 1.3 for comparison between the bow-tie and continual trials apparatus). The two 

compartments in the continual trials apparatus was divided by a central door and two side 

doors. Several experiments were run in this study, but the general protocol was: Initially, 

the animal was placed in the holding area, soon after, the central door opened, and the 

animal shuttled into the object area containing a pair of identical objects ‘A’ (sample 

phase). After the animal explored the objects, the side doors were opened to allow the 

animal to return to the holding area while the experimenter changed the objects in the 

object area. The central door opened once more, and the animal shuttled back into the 

object area which now contained a copy of the familiar object ‘A’ from the sample phase 

and a novel object ‘B’ (test phase). The side doors were opened, and the animal returned 

to the holding area to await the start of the next trial. This protocol was repeated for the 

number of trials specified within the session. The advantage of the continual trial apparatus 

in comparison with the bow-tie maze was that instead of having two compartments that 

acted as object areas, the continual trial apparatus had only one designated object area 

which more closely resembles the approach used in typical spontaneous object recognition 

studies. This enabled successful investigation of object recognition memory and spatial 
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memory in the apparatus. Furthermore, performance of rats in the study was comparable 

to other studies of spontaneous object recognition and complex variants of the task 

(Ameen-Ali et al., 2013; Ameen-Ali et al., 2015), maintaining statistical power whilst 

using approximately 50% less animals. Despite successful investigations into different 

types of memory in rats, the apparatus has not been validated in mice.  

 

Recently, there has been an increasing demand in the use of mice in scientific 

procedures in the UK, this is partially due to the technological advancement in mouse 

transgenic models. This is especially true with transgenic models of neurodegenerative 

diseases, whereby the spontaneous object recognition task and its variants are commonly 

used to tease out memory impairments of a transgenic line or to test drug efficacy (Howlett 

et al., 2004; Davis et al., 2013; van der Staay et al., 2011). Based on Home Office statistics 

(Home Office, 2014), from 2009 until 2011, the use of mice in scientific procedures were 

level at about 2.6 million however there was a rapid increase in the year of 2012, when the 

number of mice used in scientific procedures increased to 3 million, this figure was 

maintained in 2013. The increase was largely attributed to advances in transgenic animal 

models. For example, when a search was conducted on the “Science Direct” database from 

the year of 2014-2017 (Search terms: ‘spontaneous object recognition’ OR ‘novel object 

recognition’ OR ‘object recognition’ AND ‘mouse’ or ‘mice’), returned 2474 journal 

articles. Within the first 25 of these journal articles there were a total of 860 mice being 

used for research involving spontaneous object recognition tasks. This means that, an 

upwards of 17,025 mice used for studies using spontaneous object recognition task each 

year. Furthermore, these statistics do not include unreported studies and studies performed 

in pharmaceutical companies (Ameen-Ali et al., 2012).  
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The current study aimed to replicate the Ameen-Ali et al., 2012 study of 

spontaneous object recognition task and object-location task in mice rather than rats; 

achieved by adapting the ‘one-well concept’ (Albasser et al., 2010) to Ameen-Ali and 

colleagues’ continual trials apparatus. This paradigm would allow the testing of multiple 

trials within a session while measuring preferential exploration through spontaneous 

novelty preference in mice.  Similar to Ameen-Ali et al., (2012), this continual trial 

apparatus consists of two compartments, namely the holding area (where the mouse held 

in between trials) and an object area.  

 

The purpose of this study was to examine whether the animal reduction found in 

Ameen-Ali et al., (2012) study was replicable in the present study of the continual trial 

apparatus in investigations of recognition memory in mice. This was achieved through 

replicating two experiments in Ameen-Ali et al., (2012) study. Experiment 1 of this study 

was a multiple trials version of the standard object recognition task, whereas experiment 2 

was a more complex variant of spontaneous object recognition: the object-location task 

(what-where) (Eacott and Norman, 2004; Langston and Wood, 2010; Davis et al., 2013).  
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3.2 Material and Methods 

 

3.2.1 Apparatus  

The animals in this experiment were tested in the continual trials apparatus detailed 

in Chapter 2, section 2.1. During the experiment, the objects were placed at the back-left 

and back-right corner of the object arena with a distance of approximately 3cm from the 

walls to allow optimum object exploration. The floor of the apparatus was lined with a 

grey legoTM surface. See figure 2.1 for the schematic diagram of the continual trials 

apparatus. 

 

3.2.2 Objects 

Various junk objects were used in this experiment, each of which had different 

colour, texture, shape and size. Multiple copies were used in the experiment to prevent 

potential bias resulting from olfactory cues. Animals did not re-encounter objects during a 

session in the experiment. (Refer to Chapter 2, section 2.2, figure 2.2 for examples of junk 

objects).  

 

3.2.3 Pre-training 

All animals in this experiment received handling and pre-training sessions detailed 

in Chapter 2, Section 2.3. Habituation and pre-training of animals in this experiment lasted 

a total of 16 days (5 day handling session; 11 day pre-training).  

 

3.2.4 Behavioural analysis 

Animal behaviour was recorded onto a DVD and manually scored using a 

stopwatch program. Object exploration was measured when the nose of the animal was 

directed towards the object with a distance of less than 1cm or when the paw of the animal 
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was touching the object and their nose was directed within 45° angle from the object. 

Exploratory behaviour was not measured when the animal was climbing or sitting on the 

object using it as a platform to rear upwards. D1 and D2 ratio were used as measures of 

discrimination (Ennaceur and Delaceur, 1988). Further details of the behavioural analysis 

were described in Chapter 2, Section 2.5.
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3.3 Experiment 1: Novel object recognition 

 

3.3.1 Subjects 

Eight experimentally naive female C57bl/6j mice (Charles River, UK) were used as 

subjects in this experiment. The animals were housed in groups of 4 under diurnal conditions 

(12-hour light-dark cycle; 0700 – 1900 hours). Sawdust bedding and nesting material were 

provided as a source of enrichment. Behavioural testing occurred during the light phases of 

the day. The animals were food deprived to 90-95% of their free feeding weight and thus 

maintained throughout the study. Water was available ad-libitum. The animals were 11 

weeks old at the start of the experiment and weighed between 17.5 and 21.2 grams. 

 

3.3.2 Protocol 

The protocol of the spontaneous object recognition task was detailed in Chapter 2, 

Section 2.4.1, figure 2.3 Upper. Briefly, a mouse was placed into the holding area of the 

apparatus for 1 minute, after which, the experimenter opened the central door, and the animal 

shuttled into the object area. The object area contained a pair of identical objects. At the end 

of 2 minutes, the side arm doors opened, and the animal returned to the holding area for 1 

minute. During which, the experimenter changed the objects to a new pair of objects (a copy 

of the familiar object and a novel object). The central arms door opened once more, so the 

animal could shuttle into the object arena to explore the pair of objects. Each animal in this 

experiment received a testing session which consisted of 16 trials in the continual trials 

apparatus. 
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3.3.3 Results 

Performance of novel object discrimination was determined by comparing the mean 

D1 measure of the group against zero (one sample two-tailed t-test), findings show that mice 

spent significantly more time exploring the novel object over the familiar object, mean D1 

= 13.62; t(7) = 7.52, p < 0.001. Further analysis of the averaged and updated D2 ratio against 

zero with a one-sample (two-tailed) t-test, found that the animals performed above chance 

in discriminating the novel from the familiar object (mean averaged D2 = 0.46, t(7) = 17.59, 

p < 0.001; mean updated D2 = 0.50; t(7) = 18.58, p < 0.001). See figure 3.1.  

 

To investigate the probability of performance level changes within the session, the 

trials within the session were separated into 4 blocks of 4 trials. This was achieved by 

obtaining the mean averaged D2 ratio for the 4 trials within each block for each animal. By 

conducting a repeated measures ANOVA, no block effects were found, F(3,21) = 0.738, p = 

0.738, indicating no changes in the levels of performance within the session (figure 3.2).  

 

Possible proactive interference within the session was assessed by comparing the D2 

scores of trials with the lowest likely interference (trials 1 and 2) against trials with the 

highest likely proactive interference (trials 15 and 16) (Albasser et al., 2010). The analysis 

was conducted with a paired samples t-test and there was no evidence of proactive 

interference within the session (low proactive interference mean D2 = 0.37; high proactive 

interference mean D2 = 0.53; t(7) = -1.74, p = 0.126). See figure 3.3. 

 

A post-hoc power calculation was conducted with the G*power 3.1 program to obtain 

the statistical power of the current experiment. Comparisons were then made to a previous 

study that employed the spontaneous object recognition task in mice (Sanderson et al., 2011). 

The effect size of the current experiment was 6.21 with a calculated power of 1.0 from a 

sample size of 8 subjects whilst Sanderson et al., 2011 had an effect size of 1.87 with a 
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calculated power of 0.99 (sample size of 11 subjects). Based on these findings, the statistical 

power of the current experiment (with smaller number of animals) was comparable to that 

of a previous study. A summary of studies and its corresponding effect sizes is found in table 

3.2. 

 

 

Figure 3.1 represents performance of mice (averaged and updated D2 ratio) in the 

continual trials version of the spontaneous object recognition task. Analysis found that 

animals were successful in discriminating the novel from the familiar object. Vertical bars 

represent the mean and the standard error of the mean. 

 

 

Figure 3.2 represents performance changes across the testing session. D2 ratio averaged 

over 16 trials creating 4 blocks. Block effects were not found, indicating that performance 

levels did not change during the session. Error bars indicate the standard error of the mean. 
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Figure 3.3 shows no evidence of proactive interference between trials with the least 

likely interference (trials 1 and 2) and highest likely interference (trials 15 and 16). Bar 

graphs represent mean discrimination ratio (D2) between trials and error bars indicate 

standard error of the mean. 

 

 

Figure 3.4 shows the cumulative of total exploration times of test phases within the 

session. The graph shows a linear increase in total exploration time, indicative of 

continuous exploration until the end of the session. The cumulative exploration time at 

trial 16 was 419.76 seconds, which show that on average, animals spent 26.24 seconds 

exploring both novel and familiar objects at each trial. Error bars indicate the standard 

error of the mean.  
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Figure 3.5 represents averaged D2 ratio across 16 trial testing session. Performance level 

gradually increased and was stable until the end of the session. The averaged D2 ratios 

were obtained by calculating the ‘running average’ for each trial within the session. Mean 

averaged D2 at trial 16 = 0.46. Error bars indicate the standard error of the mean. 

 

 

 

3.3.4 Discussion 

Experiment 1 was a replication of Ameen-Ali et al., (2012; Experiment 2) study in 

mice. This experiment was designed to be a continual trials version of the spontaneous object 

recognition memory in mice. Performance of mice in the multiple trials version of the 

spontaneous object recognition task was comparable to previous studies of spontaneous 

object recognition (Ameen-Ali et al., 2012; Albasser et al., 2010; Dix and Aggleton, 1999; 

Sik et al., 2003; Eacott and Norman, 2004; Sanderson et al., 2011). Also, based on the power 

analysis (section 3.3.3), the present experiment has shown a potential reduction of 25% in 

the number of mice used in the continual trials approach, whilst maintaining statistical 

power.  

 

Similar to Ameen-Ali et al., (2012), the performance level of the animals was 

consistent throughout the 16 trials session. The animals maintained satisfactory levels of 
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discrimination between the novel and familiar object throughout the session and 

demonstrated continuous exploratory behaviour throughout the testing session. There was 

no evidence of proactive interference build-up in this experiment. The current experiment 

used two different measures of discrimination: the averaged D2 and the updated D2 ratios. 

Based on the findings of the experiment (see figure 3.1), performance of mice using both 

discrimination ratios were similar, suggesting that both the averaged and updated D2 scores 

may be used to describe performance in the continual trials apparatus.  

 

The following experiment (experiment 2) examined the continual trials version of a 

more complex variant of the spontaneous object recognition task investigating spatial 

memory: the object-location (What-Where) task. 
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3.4 Experiment 2: Object-location task 

 

3.4.1 Subjects 

Four female C57bl/6j mice used in experiment 1 served as subjects in this 

experiment. Housing conditions of the animals were identical to that of experiment 1. The 

animals were 15 weeks old at time of testing and weighed between 18.3 and 22.4 grams. 

 

3.4.2 Protocol 

The animals in this experiment encountered novel and familiar object location in a 

16 trial testing session. At the start of the session, the central door was opened so the 

animal could shuttle into the object area which contained novel object ‘A’ and ‘B’. After 2 

minutes of exploring the pair of objects, the side door was opened to allow the animal to 

return to the holding area for a 1 minute retention delay. After 1 minute, the side doors 

opened to allow the animal to shuttle back into the object area which contained a pair of 

objects ‘A’ (A and A’), in which object A was located in a familiar location and object A’ 

at a novel location. The side doors were opened once more after 2 minutes and the animal 

shuttled back to the holding area for 1 minute to wait for the next trial. This procedure was 

repeated until the number of designated trials were fulfilled. Details of the experimental 

protocol could be seen in Chapter 2, Section 2.4.2, figure 2.3 lower. 

 

3.4.3 Results 

To determine if the animals performed above chance in discriminating the object in 

the novel location over the familiar location, a one-sample (two-tailed) t-test was used to 

compare the group D1 scores, the updated D2 and averaged D2 ratio of the group against 

zero. It was found that the animals performed above chance by showing preference for 

objects in a novel location over objects at a familiar location (mean D1 = 2.83, t(3) = 28.20, 
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p < 0.001; Averaged d2 = 0.12, t(3) = 5.302, p < 0.05; Updated D2 = 0.13, t(3) = 10.97, p < 

0.005). Refer to figure 3.6. 

 

As in experiment 1, performance across the session was measured by comparing 

blocks of 4 trials. Blocks were obtained by calculating the mean averaged D2 ratios of four 

consecutive trials across all animals. A repeated measures ANOVA found that there were no 

performance changes during the session F(3, 9) = 0.668, p > 0.05 (figure 3.7).  

 

As in the previous experiment, a paired samples t-test was used to analyse the 

presence of proactive interference during the session. Proactive interference was measured 

by the comparison of the first two trials (lowest proactive interference) and the final two 

trials of the session (highest proactive interference). There was also no evidence of proactive 

interference within the session, t(3) = -0.46, p > 0.05; low proactive interference mean d2 = 

0.15; high proactive interference mean d2 = 0.22 (figure 3.8).  

 

As in experiment 1, a post-hoc power calculation was conducted by using the 

G*power 3 program to obtain the statistical power of the object-location task in the current 

experiment. Comparisons were then made to previous studies employing the object location 

task (Davis et al., 2013). The effect size of the current experiment was 2.65 with a calculated 

power of 0.99 from a sample size of 4 subjects whilst Davis et al., 2013 had an effect size of 

1.20 with a calculated power of 0.96 (sample size of 10 subjects). Based on these findings, 

the statistical power of the current experiment (with smaller number of animals) was 

comparable to that of a previous study. A summary of studies and its corresponding effect 

sizes is found in table 3.2.  
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Figure 3.6 represents performance of mice (averaged and updated D2 ratio) in the 

continual trials version of the object location task. Analysis found that animals were 

successful in discriminating the novel location from the familiar location of the object. 

Error bars indicate the standard error of the mean. 

 

 

Figure 3.7 represents performance level changes across the testing session. Block effects 

were not found, indicating that performance levels did not change during the session. D2 

ratio averaged over 16 trials creating 4 blocks. Error bars indicate the standard error of the 

mean. 

***

***

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Averaged D2 Updated D2

D
is

cr
im

in
at

io
n

 R
at

io

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Trial 1-4 Trial 5-8 Trial 9-12 Trial 13-16D
is

cr
im

in
at

io
n

 R
at

io
 (

D
2

)



81 

 

 

Figure 3.8 shows no evidence of proactive interference between trials with the least likely 

interference (trials 1 and 2) and highest likely interference (trials 15 and 16). Bar graphs 

represent mean discrimination ratio (D2) between trials and error bars indicate the 

standard error of the mean. 

 

 

Figure 3.9 represents the cumulative of total exploration times of test phases across the 

session. The graph shows a linear increase in total exploration time, indicative of 

continuous exploration until the end of the session. The cumulative exploration time at 

trial 16 was 346.69 seconds, which show that on average, animals spent 21.67 seconds 

exploring both novel and familiar object locations at each trial. Error bars indicate the 

standard error of the mean. 
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Figure 3.10 Averaged D2 ratio across 16 trial testing session. There was a decrease in 

performance and performance stabilised from trial 5 until the end of the session. The 

averaged D2 ratios were obtained by calculating the ‘running average’ for each trial within 

the session. Mean averaged D2 at trial 16 = 0.46. Error bars indicate the standard error of 

the mean. 
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3.4.4 Discussion 

Experiment 2 aimed to replicate Experiment 3 of Ameen-Ali et al., (2012) study. The 

object-location task was designed to test location memory in animals. Even with a small 

number of animals used in this experiment, performance was comparable to previous studies 

of the object-location task, with the potential to save approximately 50% of mice whilst 

maintaining statistical power (Ameen-Ali et al., 2012; Dix and Aggleton, 1999; Eacott and 

Norman, 2004; Davis et al., 2013).  

 

There was no evidence of change in the levels of performance in experiment 2. 

Although the object-location task in experiment 2 was more complex, whereby the mice are 

required to form associations between the objects and their respective location by 

discriminating the familiar and novel location of the object, discrimination levels of mice 

remained constant throughout the session. There was also no evidence of proactive 

interference resulting from the presentation of multiple objects during the session. As in the 

previous experiment, two types of discrimination ratios were used to indicate object location 

memory, and performance of mice in the object-location task resulted averaged D2 and the 

updated D2 scores (with a mean of 0.12 and 0.13 respectively). This suggests that both 

discrimination ratios are suitable measures of memory in the continual trials approach to 

running spontaneous tasks.



84 

 

 

Task 

Trial number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

SOR 0.28 0.45 0.48 0.51 0.36 0.33 0.55 0.39 0.50 0.52 0.59 0.43 0.45 0.47 0.49 0.58 

OL 0.34 0.15 0.22 0.17 0.11 0.11 0.11 0.09 0.09 0.09 0.12 0.13 0.12 0.10 0.12 0.12 

Table 3.1 details the performance level (Averaged D2 ratio) of mice in the spontaneous object recognition (SOR) and object location (OL) task across the 

session.  
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Spontaneous object recognition Effect Size Power 

Vogel-Cierni et al., 2013 1.95 1.00 

McNulty et al., 2012 4.89 1.00 

Balderas et al., 2008 9.6 1.00 

Walf et al., 2009 4.75 1.00 

Heyward et al., 2012 10.67 1.00 

Wimmer et al., 2012 4.00 1.00 

Fan et al., 2012 5.29 1.00 

Palchykova et al., 2006 1.68 0.99 

Han et al., 2013 3.2 0.99 

Wang et al., 2008 16 1.00 

   

Object location  Effect size Power 

Murai et al., 2007 3.2 1.00 

Assini et al., 2009 4.00 1.00 

Vogel-Ciernia et al., 2013 9.00 1.00 

McNulty et al., 2012 3.30 1.00 

Heyward et al., 2012 3.33 1.00 

Wimmer et al., 2012 2.5 0.99 

Fan et al., 2012 7 1.00 

Wang et al., 2008 17.5 1.00 

Table 3.2 shows a summary of studies using the spontaneous object recognition and 

object location task, and its corresponding effect size and statistical power. The post-hoc 

power calculation was conducted using the G*power 3 program.  
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3.5 General Discussion 

The results of the present chapter provided evidence that performance of mice in the 

continual trial apparatus was comparable to previous studies (Ameen-Ali et al., 2012, 

Albasser et al., 2010; Dix and Aggleton, 1999; Langston and Wood, 2010) of the 

spontaneous object recognition and object-location task.  

 

The main aim of the study was to validate Ameen-Ali et al., (2012) continual trials 

approach in mice, subsequently reducing the number of mice typically used in spontaneous 

object recognition type studies. The increased data collection within a single testing session 

could decrease the potential day-to-day behavioural noise which may affect performance 

and increase reliability of the task. Furthermore, the amount of stress suffered by the animals 

was also reduced by minimizing the amount of handling the animal was subjected to during 

the study (Hurst and West, 2010).  

 

There was no indication of proactive interference build-up within this study. In 

multiple trials experiments (16 in this experiment), with the increasing number of objects 

being presented, there would be a build-up of proactive interference. Proactive interference 

occurs as a result of multiple presentations of objects taxing the memory load of an animal 

which in turn causes a reduced discrimination ratio towards the end of the experiments 

(Albasser et al., 2010). There was no change in the level of performance in this study. In 

fact, the discrimination between the novel and familiar objects was constant. Moreover, there 

was no difference in the performance of the animals in trials with the lowest and highest 

proactive interference suggesting that the testing of multiple trials within a session would 

not have any negative or potentially detrimental effects.  

 

All mice in this study continuously shuttled until the end of the testing session. This 

was unlike what Ameen-Ali and colleagues found in their 2012 continual trials study in rats. 
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In their study, they found that 16% of rats ceased shuttling and were unable to complete the 

testing session. Mice in the present study received 11 days of pre-training to the procedures 

of the continual trials apparatus; whilst the rats in Ameen-Ali et al., (2012) study received 5 

days of pre-training. The increased length of habituation and pre-training that mice received 

in this study may have reduced the chances of mice ceasing to shuttle between the 

compartments.  

 

A concern relating to running multiple trial tasks in mice was whether the animals 

would continuously consume food throughout the testing session or performance in the task 

would be affected by irregular food consumption. It was observed that although all mice in 

this study ceased food consumption halfway (approximately during trial 8) through the 

testing session (and resumed in later trials), the cessation of food consumption did not in any 

way affect the movement of animals in between the holding and object area. Furthermore, a 

preliminary analysis (data not shown) has shown that task performance was constant 

regardless of whether mice consumed food or not. The baiting protocol used in this study 

was based on the one-well concept introduced by Albasser et al., (2010). Instead of 

individually baiting the objects with food pellets, (Ameen-Ali et al., 2012), mice in this study 

were baited by condensed milk solution between the objects close to the far end walls of the 

compartments with the aim of motivating the animal to shuttle in between areas. Albasser et 

al., (2010; experiment 3) compared the difference of the animal performance when using the 

one-well (the bait was placed in between the objects at the far wall of the compartment) 

concept and two-well concept (where the objects were individually baited) protocol and 

found that there was no difference in performance between the animals were assigned to 

‘one-well’ or ‘two-well’ protocol. This showed that the animals still spontaneously explored 

the object even if the objects were not baited. Similar to Albasser et al., (2010), the one-well 

protocol was successfully applied to the experiments; the mice in this study had a strong 

preference for novelty even though the objects were not individually baited. The one-well 
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protocol was designed to be suitable for running multiple trials for smaller rodents such as 

mice, and potentially transgenic mice models.  

 

A potential of the continual trial apparatus was demonstrated in Albasser et al., 

(2010) study which involved manipulating retention delays of the trials within the session. 

This consisted of investigating the effects of various retention delays on rodents’ memory. 

By implementing delays into the continual trial apparatus, there is potential for the continual 

trial apparatus to be used to investigate the effects of drugs at different time points.   

 

In conclusion, this study presented a continual trial apparatus adapted from Ameen-

Ali et al., (2012) that was successfully developed for mice. This study examined various 

tasks of recognition memory typically utilised in rodent literature. It should be noted that the 

number of animals tested in the continual trial apparatus was vastly reduced compared to 

other literature and the animals continually explored the objects even after exposed to 

multiple trials. These findings suggest that the continual trial apparatus was successfully 

adapted to mice in a range of recognition tasks and the apparatus has potential to reduce 

animal numbers used in spontaneous type tasks and speed up data collection.  

 

Following the successful validation of the continual trials approach in object 

recognition and object location memory in mice, the next chapter of this thesis aimed to 

examine performance of aging mice in the spontaneous object recognition and object 

location task using the continual trials approach.  
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Chapter 4 

 

Study 2: Effects of ageing on recognition memory in the continual trials apparatus. 

 

4.1 Introduction 

Ageing is associated with cognitive decline, particularly in the ability to exhibit rich 

contextual representations of a memory (Johnson et al., 2017; Cansino, 2009). This has been 

found to be also true in animals, where monkeys, rats and mice show a gradual decline in 

the ability to perform tasks involving episodic like memory and spatial memory (Cavoy & 

Delaceur, 1993; Robitsek et al., 2008; Hernandez et al., 2013; Aggleton et al., 1989). 

Performance impairments were found in the delayed non-matching to sample (DNMS; 

described in chapter 1) task in both aged monkeys (Rapp and Amaral, 1991; Shamy et al., 

2006) and rats (Aggleton et al., 1989). Aged rats were also found to be impaired in a spatial 

variant of the DNMS task, delayed non-match to place (DNMP) when compared to young 

rats (Dunnett et al., 1988; Aggleton et al., 1989). When tested in the standard object 

recognition task, aged rats were found to perform no differently from young rats (Cavoy and 

Delaceur, 1993). However, at delays of more than 15 minutes, aged rats were found to be 

impaired in the task (Bartolini et al., 1996; Burke et al., 2010).  Aged rats were also found 

to be impaired in various spatial tasks such as the Morris water maze task (Aitken & Meaney, 

1989; Gage et al., 1989; Ando & Ohashi, 1991; Joyal et al., 2000).   

A vast majority of animal studies investigating the effects of age on cognitive 

performance utilised a cross-sectional design; in which the performance of a group of young 

animals is compared to an aged group.  Furthermore, animals in both the young and aged 

group are often matched in their experience levels. This calls into question the validity of 

the paradigm and transferability of those findings to human studies, which usually comprised 

of a cross-sectional design comparing older adults and young adults which differ in 
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education, socio-economic differences, and cultural factors (Hofer & Sliwinski, 2001; 

Salthouse & Nesselroade, 2002; Hedden & Gabrieli, 2004).  

The impairments found in longitudinal studies are often less pronounced compared 

to findings in cross-sectional studies (Caprioli et al., 1991). By incorporating a longitudinal 

approach, several studies were able to tease out behavioural performance changes within a 

group of animals throughout different time points of their life (Markowska & Savonenko, 

2002; Joyal et al., 2000) and track the effects of prior experience on behavioural performance 

(Dellu et al., 1997). Therefore, utilizing a longitudinal design to assess cognitive decline in 

animals will allow the study to more closely resemble the levels of experience often found 

in the adult ageing population.  

Recognition and spatial memory in this study were assessed by measuring animals’ 

performance in the multiple trials version of the spontaneous object recognition and object-

location task. The spontaneous object recognition task (Ennaceur and Delaceur, 1988; 

Aggleton, 1985; Ameen-Ali et al., 2012) is a two-trial test of recognition memory consisting 

of a sample and a test phase. During the sample phase, an animal is presented with a pair of 

identical objects, and after an inter-trial interval, the animal is then presented with the 

familiar object from the sample phase and a novel object. This task capitalises on a rodents’ 

natural propensity to explore novelty. The object-place (Save et al., 1992; Davis et al., 2013; 

Langston and Wood, 2010; Eacott & Norman, 2004; Ameen-Ali et al., 2012) task on the 

other hand, a spatial variant of the object recognition task, is a task to measure the location 

memory of an object.  

The experiments in the present chapter used the continual trials approach to running 

spontaneous tasks which have previously been validated in study 1 (see chapter 3). The 

continual trials paradigm allows for the testing of multiple trials of the spontaneous task 

within a testing session, thus resulting in a more reliable task. The advantages of running 

multiple trials within the session is particularly relevant for ageing studies, since many data 
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points are consecutively collected from a single animal, a smaller number of mice may be 

used to obtain meaningful results. Furthermore, reducing the handling that an animal 

receives in the continual trials would in turn reduce the effects of anxiety that may have an 

effect on task performance. Since the impairment of object recognition memory was not age-

dependent (Cavoy and Delaceur, 1993) unless a delay was incorporated into the task 

(Bartolini et al., 1996; Burke et al., 2010), suggesting that interference may be an issue. The 

continual trials approach and the possible proactive interference may occur as a result of 

running multiple trials within a session, may serve to be as an advantage to tease out deficits 

in ageing mice. 

Proactive interference is said to occur when prior memory conflicts with the retrieval 

of subsequent memory (Baddeley, 1974; May et al., 1995; Underwood, 1957) and is evident 

across different species (Hasher et al., 2002; Kane & Engle, 2000; Grant, 1975; Edhouse & 

White, 1988). Furthermore, studies also found that proactive interference disproportionately 

affects the older population in both monkeys and rats (Moss, Rosene & Peters, 1988; Bartus 

& Dean, 1979; Dunnett, Martel & Iverson, 1990). To illustrate, Moss and colleagues (1988) 

found that, unlike young adult monkeys, which demonstrated improved accuracy from the 

middle of the testing session in the 10 trial DNMS task; older monkeys failed to show similar 

patterns of performance, indicating a greater susceptibility to proactive interference. 

Animals in the current study faced two potential forms of interference. The first being having 

the sets of objects that were presented in the spontaneous object recognition task reused in 

the object location task. The second being proactive interference that may occur as a result 

of running multiple trials within a single session. The continual trials approach, with its 

increased possible proactive interference may be more sensitive to the effects of ageing 

because of the memory load demands.  

In this study, we sought to establish recognition and spatial memory in normal ageing 

mice in the continual trials apparatus with a longitudinal approach. Also, this study aimed to 
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investigate the effects of interference on memory, both across task, when sets of objects were 

reused; and within the testing session, to measure proactive interference. In addition to that, 

we investigated the effects of prior experience on performance in both spontaneous object 

recognition and object-place tasks. The experiments in this study were conducted to further 

extend the continual trials approach to the effects of ageing and to provide a more reliable 

approach to investigating recognition memory in aged mice.  

 

4.2 Materials and Methods 

4.2.1 Subjects 

Sixteen naïve male (n = 8) and female (n =8) C57BL/6J mice (Charles River, UK) 

were used as subjects in this experiment. Mice were housed singly or in groups of up to four 

in individually ventilated cages (IVC) under 12-hour light-dark cycle (0700-1900hours). 

Sawdust bedding, a cardboard tunnel, plastic igloo, and hammock were provided as forms 

of enrichment. Prior to habituation, all mice were food deprived to 85-90% of their free 

feeding weight and thus maintained all throughout behavioural testing. Water was available 

ad-libitum throughout the duration of the study. Animals were behaviourally tested at 7, 10, 

14 and 16 months old. Mice weighed between 26.4 – 39.6 grams at the start of the 

experiment. 

Subjects in this experiment were divided into two groups: an experienced and a naïve 

group. The experienced group (group 1) consisted of 12 mice (6 males and 6 females) and 

were tested at all ages and the naïve group (group 2) was 4 naïve mice (2 males and 2 

females) that were first tested at 10 months of age. The group of naïve mice was used to 

assess the effects of previous experience on recognition memory performance. The naïve 

group was allocated a small sample size due to logistical issues.  
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According to the NIH Strain Survival Information 

(https://www.nia.nih.gov/research/dab/aged-rodent-colonies-handbook/strain-survival-

information) and Turturro et al., (1999), C57BL/6J mice should show a 90% survival rate at 

19 months old for males and 18 months old for females. Therefore, at 16 months of age 

(which is the point where animals are the oldest in this study), the mortality rate of mice 

should be below 10%. It should be noted however that these rates were derived from a large 

population and the survival rates in smaller groups will be variable. Details of exclusions 

and deaths in this study are listed in Table 4.1 below.  

 Death Failure to Complete Shuttling Side bias 

Experienced (N = 12) 1 1 1 

Naïve (N = 4) 2 0 0 

Table 4.1 details the exclusions and deaths of mice at the end of the study (when the 

animals are 16 months old). The survival rate of the animals in this study stood at 81.25%, 

which was lower than the value detailed in Turturro et al., 1999.  

 

 

4.2.2 Apparatus 

As in the previous study, animals in the current study were tested in the continual 

trials apparatus detailed in Chapter 2, section 2.1 (refer to figure 2.1). During the study, the 

objects were placed at the back-left and back-right corner of the object arena with a distance 

of approximately 3cm from the walls to allow for optimum object exploration. The floor of 

the apparatus was lined with a grey legoTM surface. 

 

4.2.3 Objects 

Various junk objects were used in this study, each of which had different colours, 

textures, shapes and sizes. Multiple copies of 3 were used in the experiment to prevent bias 

https://www.nia.nih.gov/research/dab/aged-rodent-colonies-handbook/strain-survival-information
https://www.nia.nih.gov/research/dab/aged-rodent-colonies-handbook/strain-survival-information
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caused by olfactory cues. Animals did not re-encounter objects during a session in the 

experiment. (Refer to Chapter 2, section 2.2, figure 2.2 for examples of junk objects). 

 

4.2.4 Behavioural analysis 

Object exploration was scored when the animals’ nose was directed towards the 

object at <1cm or when the animals’ paw was touching the object with their nose directed 

within 45° of the object. Behaviours including sitting, climbing on and using the object as a 

platform were not counted as exploration. Mice behaviour throughout the experiment was 

recorded and scored offline using a stopwatch program. Two primary measures, namely D1 

and D2 ratios were used to determine levels of discrimination between novelty and 

familiarity (Ennaceur and Delaceur, 1988; refer to chapter 2, section 2.5).   

 

4.2.5 Pre-training and habituation 

All animals in this experiment received handling and pre-training sessions detailed 

in Chapter 2, Section 2.3.1. Habituation and pre-training of animals in group 1 in this 

experiment lasted a total of 15 days (5-day handling session; 10-day pre-training); whereas 

naïve animals (group 2) session lasted for 7 days.  

Prior to being tested at 10, 14 and 16 months, because animals were previously habituated 

to the apparatus, mice received a single session of shuttling training.  
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4.2.6 Testing protocol 

4.2.6.1 Object recognition and Object location at 7, 10 and 16 months of age 

4.2.6.1.1 Spontaneous object recognition task 

All mice received 16-trial testing sessions at 7 and 10 months, and a 12-trial testing 

session at 16 months old. Briefly, a single trial structure consists of a sample and test phase 

with an inter-trial-interval in between phases. The central door was opened to allow the 

animal to shuttle from the holding area to the object area which contained a pair of identical 

objects (e.g. a pair of circle). After 2 minutes, the side arm doors were opened, and the animal 

shuttled back into the holding area for 1 minute. During this time, the experimenter would 

change the objects around in the object area to prepare for the test phase. The central arm 

door opened once more, and the animal shuttled into the object area where the animal was 

presented with a copy of the object from the sample phase (e.g. a circle) and a novel object 

(e.g. a triangle). At the end of the test phase, the side arms doors opened, and the animal 

returned to the holding area. This procedure was repeated until the end of the testing session. 

Diluted sweetened condense milk (Nestle, 0.1mL, 50% concentration) was replenished in 

the holding and object area after consumption by the animal (refer to figure 2; chapter 2, 

section 2.4.1 for further details including counterbalancing details).   

 

4.2.6.1.2 Object-location task  

As in the spontaneous object recognition task, all mice received 16-trial testing 

sessions at 7 and 10 months and a 12-trial test at 16 months of age. Initially, the central door 

was opened, and the animal shuttled from the holding area to the object area. Once in the 

object area, the animal was given 2 minutes to explore two different novel objects (e.g. a 

circle and triangles). At the end of the sample phase, the side arms door opened to allow the 

animal to return to the holding area for 1 minute whilst the experimenter changed the objects 
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to prepare for the test phase. The central door opened once more, and the animal shuttled 

into the object area. The animal was presented with copies of a pair of identical objects (e.g. 

a pair of triangle) that the animal encountered during the sample phase. After exploring the 

objects for 2 minutes, the side arms door was opened, and the animal returned to the holding 

area once more. This procedure was then repeated until the end of the test session.  Animals 

were tested in the object location task 7 days after completion of the spontaneous object 

recognition task. Diluted sweetened condense milk (Nestle, 0.1mL, 50% concentration) was 

replenished in the holding and object area after consumption by the animal (refer to figure 

2; chapter 2, section 2.4.2 for further details such as counterbalancing).  

The library of objects that were used in the spontaneous object recognition task was 

reused in the object location task, but in reverse order. For example, objects used in the SOR 

task were as follows: AA then AB at test; in the object-location task, the following reverse 

order was therefore used: BA at sample and BB at test.   

 

 

4.2.6.2 Investigating interference effects of reused object sets at 14 months 

This experiment was designed explicitly to explore whether the reuse of objects 

between the spontaneous object recognition task and object location task caused interference 

which impacted recognition memory. The present experiment predicted that there will be 

some evidence of interference caused by the reuse of objects from the spontaneous object 

recognition task. The testing procedure of this experiment was identical to that of the 

previous experiments (7, 10 and 16), with the exception that all tasks ran with 12 trials in a 

session. The animals ran through four tasks in this experiment in the following order: (1) 

Object-location task with objects set A; (2) Spontaneous object recognition task with objects 

set B; (3) Object-location task with objects set B, but in reversed order; and (4) object-
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location task with objects set C. All tasks were tested 7 days apart from each other. Details 

of the testing protocol of the spontaneous object recognition and object-location task can be 

found in chapter 2, section 2.4.1 and 2.4.2 respectively. 
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Figure 4.1 represents the experimental timeline of the present study. Mice were separated into two groups, the experienced group (N = 12) and the 

naïve group (N = 4). At each age, animals were tested in the spontaneous object recognition (SOR) and object-location (OL) task. Tasks were tested 7 

days apart from each other.  
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4.3 Results 

4.3.1 Effect of age (7, 10, 14 and 16 months) on task performance (SOR and OL).  

Only nine of 12 experienced mice were included in the analysis in the current section. 

Mice that failed to complete shuttling (N = 1), had a significant side bias (N = 1) and died 

(N = 1) were not included in the analysis. Due to the small remaining sample size, sex 

differences will not be analysed in the current study.  

An Age*Task ANOVA was used in order to determine the effects of ages on task 

performance of the animals. An analysis of D1 measure (figure 4.2) show that there was no 

effect of age (: F(3, 824) = 0.42, p > 0.05), but found an effect of task:  F(1, 8) = 21.09, p = 

0.002. This show that animal performance did not change across ages but performance in 

the spontaneous object recognition task was better than that of the object location task. No 

age*task interaction was found (F(3, 24) = 0.35, p > 0.05).  

An analysis (ANOVA) of the averaged D2 scores (figure 4.3) found an effect of age 

(F(3, 24) = 5.96, p = 0.03), and an effect of task:  Task: F(1, 8) = 85.84, p < 0.001. A post-

hoc Bonferroni pairwise comparison revealed that performance of mice at 14 months of age 

was impaired compared to performance at 7 months (p = 0.022). These findings indicate that 

there was an age-related change in performance of mice and performance in the spontaneous 

object recognition task was better than that of the object location task. However, no age*task 

interaction was found (F(3, 24) = 0.29, p > 0.05).  

A further ANOVA was used to determine if exploration times (figure 4.4) differed 

across ages and task types found an effect of age-related changes to total exploration times 

of both objects (F(3, 24) = 4.52, p = 0.012) and also found that animals explored objects 

significantly less in the object location task compared  to the spontaneous object recognition 

task F(1, 8) = 54.55, p < 0.001. Results also show that there was no age* task interaction: 

F(3, 24) = 0.86, p = 0.474. A post-hoc pairwise comparison of the exploration times between 
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all ages found that 7 month old mice explored the pair of objects significantly less than 16 

month old mice (p = 0.045).  

 

Figure 4.2 represents mean difference in exploration (D1 scores) of mice at 7-, 10-, 14- 

and 16-month of age in the spontaneous object recognition and object location task based 

on the difference of time spent between the novel and familiar object and object-locations. 

No age-related decline in object recognition and object location memory was found, but 

performance levels of animals in the object location task was significantly worse 

compared to the object recognition task. The bars represent the mean and standard error 

of the mean.  

 

 

Figure 4.3 represents performance of mice at 7-, 10-, 14- and 16-month of age in the 

spontaneous object recognition and object location task based on the averaged D2 ratios. 

There was an age-related change in object recognition and object location memory was 

found, with a decline in performance of mice at 14 months compared to performance at 7 

months old.  The findings also indicated that performance of mice was worse in the object 

location task compared to the object recognition task. The bars represent the mean and 

standard error of the mean. 
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Figure 4.4 represents the mean and the standard error of the mean of the total exploration 

times of mice at 7-, 10-, 14- and 16-months of age in the spontaneous object recognition 

and object location task. The total exploration times of mice at 7 months were lower 

compared to exploration times at 16 months of age. Total exploration times of mice in the 

spontaneous object recognition task was significantly higher than the object location task. 

The bars represent the mean and standard error of the mean. 

 

 

4.3.2 Interference affected by repeated object use between tasks at 14 months old mice 

Mice that completed all testing at 14 months of age were included in the analysis in 

this current experiment (N = 8). As in the previous section, mice that failed to complete 

shuttling or died during the experiment were excluded from the analysis. 

In order to see whether the reuse of object sets affected animal performance in the 

object location task, Repeated Measures ANOVA was conducted on D1 measure (figure 4.5) 

and averaged D2 (figure 4.6) of the animals in the group. The results found that the reuse of 

objects between the tasks did not affect performance when analysis was conducted with the 

D1 scores: F(2, 14) = 0.24, p > 0.05 and averaged D2 scores: F(2, 14) = 1.09, p = 0.362.  

Further analysis using a repeated measures ANOVA on the total exploration times (figure 

4.7) spent exploring the objects in the test phases of the experiment also found that 

exploration levels did not differ across experiments (F(2, 14) = 2.35, p = 0.132).  
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Figure 4.5 represents the performance of 14-month-old mice when objects were reused in 

between tasks based on the difference in exploration between the novel and familiar 

location. Object Set-B was initially used in the spontaneous object recognition task then 

reused in the object location task of the current experiment. Performance levels between 

tasks did not differ from each other suggesting no evidence of interference occurring from 

the reuse of objects impacting the performance levels of mice. The bars represent the 

means and standard error of the mean.  

 

 

Figure 4.6 represents the performance of 14-month-old mice when objects were reused in 

between tasks based on the averaged D2 ratios. Object Set-B was initially used in the 

spontaneous object recognition task then reused in the object location task of the current 

experiment. Performance levels between tasks did not differ from each other suggesting 

no evidence of interference occurring from the reuse of objects impacting the performance 

levels of mice. The bars represent the means and standard error of the mean. 
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Figure 4.7 represents the total exploration times of 14-month-old mice. The exploration 

levels of the group of mice did not differ between tasks. The bars represent the means and 

standard error of the mean. 

 

4.3.3 Experience levels and performance in the spontaneous object recognition and 

object location task 

The analysis in this section was conducted by comparing performance of the 

experienced (N = 12) and the naïve (N = 4) group at 10 months of age.  

To investigate if experience levels affected performance of mice in the object 

recognition and object location task, performance of the naïve and experienced group (mean 

D1 scores and averaged D2 ratios) were compared using a 2x2 (task*group) ANOVA in 

both the spontaneous object recognition and object location task. The results found that the 

experience levels of mice had no effect on object recognition memory and object location 

memory in both the D1 scores (F(1,14) = 1.32, p = 0.27) and averaged D2 ratio (F(1,14) = 

0.15, p = 0.707) (figure 4.8 and 4.9 respectively). 

A further task*group ANOVA was used to analyse the exploration levels of the 

experienced and naïve group in the spontaneous object recognition and object location task. 

There was an effect of task, F(1, 14) = 22.43, p < 0.001; with mice exploring the objects 

more in the spontaneous object recognition task compared to the object location task. There 
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was no task*group interaction, F(1, 14) = 0.30, p = 0.866; suggesting that experience levels 

did not have an effect on performance in the spontaneous object recognition and object 

location task (figure 4.10).  

 

Figure 4.8 depicts the performance levels (difference between the novel and familiar 

object/location) of experienced and naïve mice in the spontaneous object recognition and 

object location task. Experience levels of mice at 10 months of age had no effect on 

performance in the spontaneous object recognition and object location task. The bars 

represent mean and the standard error of the mean.  

 

 

Figure 4.9 shows the performance levels of experienced and naïve mice in the spontaneous 

object recognition and object location task. Experience levels had no effect on object 

recognition and object location memory. The bars represent the mean and the standard 

error of the mean.  
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Figure 4.10 represents the total exploration times of the experienced and naïve group in 

the spontaneous object recognition and object location task. Both naïve and experienced 

mice spent less time exploring the objects in the object location task. The bars represent 

the mean and the standard error of the mean.  

 

4.3.4 Performance of mice at 7, 10, 14 and 16 months old in the spontaneous object 

recognition and object location task.  

At 14 and 16 months of age, mice received 12 trials testing session instead of 16 trial 

test at 7 and 10 months. This change was made due to animal welfare concerns related to 

being placed in the apparatus for prolonged periods of time. Due to this, data from 7 and 10 

months were analysed by using 16 trials and at a cut-off point of 12 trials.  

4.3.4.1 Spontaneous object recognition task at 7 months old 

One sample (two-tailed) t-tests were used to determine if performance of mice in the 

spontaneous object recognition task was above chance by comparing means of D1 scores 

and averaged D2 ratio against zero when testing session consisted of 16 trials and at a cut-

off point of 12 trials. Results show that animals were able to discriminate between the novel 

and familiar object at 7 months of age when the testing session was 16 trials long. D1 score: 

t(11) = 7.985, p < 0.001; Averaged D2: t(11) = 14.06, p < 0.001. At the 12-trial cut-off point, 

findings show that mice at 7 months also demonstrated object recognition memory. D1 

score: t(11) = 8.41, p < 0.001; Averaged D2: t(11) = 18.14, p < 0.001 (Figure 4.11 and 4.12). 
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In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into four blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 

that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session (F(3, 33) =  1.532, p = 0.225, refer to figure 4.13 left).  

 

4.3.4.2 Object location task at 7 months of age 

One sample (two-tailed) t-tests were used to determine if mice performance of the 

object location task was above chance by comparing means of D1 scores and averaged D2 

ratio against zero when testing session consisted of 16 trials and at a cut-off point of 12 trials. 

Results show that animals were able to discriminate between the novel and familiar locations 

at 7 months of age when the testing session was 16 trials long. D1 score: t(11) = 7.18, p < 

0.001; Averaged D2: t(11) = 4.32, p = 0.001. At the 12-trial cut-off point, findings show that 

mice at 7 months also demonstrated object location memory. D1 score: t(11) = 7.83, p < 

0.001; Averaged D2: t(11) = 5.01, p < 0.001 (Figure 4.11 and 4.12). 

In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into four blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 

that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session, F(3, 33) = 0.497, p = 0.687, see figure 4.13 right.  
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Figure 4.11 represents the performance of 7-month-old mice in the spontaneous object 

recognition and object location task. The dark grey bars represent performance levels at a 

12-trial cut off point, whereas the light grey bars represent performance of mice in the 16-

trial testing session. The bars represent the mean difference of exploration between the 

novel and familiar object/object-location and the standard error of the mean.  

 

 

Figure 4.12 represents the performance of 7-month-old mice in the spontaneous object 

recognition and object location task. The dark grey bars represent performance levels at a 

12-trial cut off point, whereas the light grey bars represent performance of mice in the 16-

trial testing session. The bars represent the mean averaged D2 ratio and the standard error 

of the mean.  
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Figure 4.13 depicts the changes in performance levels of 7 months old mice in the object 

recognition task (left) and object-location task (right). The blocks were calculated by 

obtaining the mean of the first four trials (trials 1 – 4) and each consecutive blocks of four 

trials thereafter until the end of the session. Performance levels of mice showed no change 

throughout the testing session in both the object recognition and object location task, 

suggesting little amounts of interference within the session. The vertical bars represent the 

standard error of the mean. 

 

 

  

Figure 4.14 represents the averaged D2 curves for both the spontaneous object recognition 

and object location task. The averaged D2 scores of each trial were obtained by calculating 

the ‘running average’ of each trial within the session. The vertical bars represent the 

standard error of the mean. 

 

4.3.4.3 Spontaneous object recognition task at 10 months of age.  

Data from the experienced and naïve group were collated since analysis in section 

4.3.3 found that experience levels of mice had no effect on performance in the spontaneous 

object recognition and object location task.  

As seen in the previous experiment, one sample (two-tailed) t-tests were used to 

determine if mice performance of the spontaneous object recognition task was above chance 
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by comparing means of D1 scores and averaged D2 ratio against zero when testing session 

consisted of 16 trials and at a cut-off point of 12 trials. Results show that animals were able 

to discriminate between the novel and familiar object at 10 months of age when the testing 

session was 16 trials long. D1 score: t(15) = 5.01, p < 0.001; Averaged D2: t(15) = 7.23, p < 

0.001. At the 12-trial cut-off point, findings show that mice at 7 months also demonstrated 

object recognition memory. D1 score: t(15) = 4.49, p < 0.001; Averaged D2: t(15) = 7.29, p 

< 0.001 (refer to figure 4.15 and 4.16). 

As in the previous experiment, to investigate if animal performance changed over the 

session (figure 4.17 left), the averaged D2 scores of all animals were separated into four 

blocks of 4 trials. Blocks of trials for individual animals were obtained by calculating a mean 

of the averaged D2 scores within that block. A test of repeated measures ANOVA found no 

evidence of performance changes within the testing session (F(3, 45) = 1.277, p = 0.294). 

 

4.3.4.4 Object location task at 10 months of age 

One sample (two-tailed) t-tests were used to determine if performance of mice on the 

object location task was above chance by comparing means of D1 scores and averaged D2 

scores against zero when testing session consisted of 16 trials and at a cut-off point of 12 

trials. Results show that animals failed to discriminate between the novel and familiar 

locations at 10 months of age when the testing session was 16 trials long. D1 score: t(15) = 

1.42, p = 0,176; Averaged D2: t(15) = 1.78, p = 0.095. At the 12-trial cut-off point, findings 

show that mice at 10 months also did not demonstrate object location memory. D1 score: 

t(15) = 1.26, p = 0.226; Averaged D2: t(15) = 0.91, p = 0.347 (see figure 4.15 and 4.16). 

In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into four blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 
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that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session (F(3, 45) =0.153, p = 0.927); refer to figure 4.17 right.  

 

 

Figure 4.15 represents the mean differences in exploration (D1) performance of 10-

month-old mice in the spontaneous object recognition and object location task. The dark 

grey bars represent performance levels at a 12-trial cut off point, whereas the light grey 

bars represent performance of mice in the 16-trial testing session. The bars represent the 

mean difference of exploration between the novel and familiar object/object-location and 

the standard error of the mean. 

 

 

Figure 4.16 represents the performance of 10-month-old mice in the spontaneous object 

recognition and object location task. The dark grey bars represent performance levels at a 

12-trial cut off point, whereas the light grey bars represent performance of mice in the 16-

trial testing session. The bars represent the mean averaged D2 ratio and the standard error 

of the mean. 

 

0

2

4

6

8

10

12

14

12-Trial 16-Trial 12-Trial 16-Trial

SOR OL

D
if

fe
re

n
ce

s 
in

 e
xp

lo
ra

ti
o

n
 (

se
c)

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

12-Trial 16-Trial 12-Trial 16-Trial

SOR OL

D
is

cr
im

in
at

io
n

 R
at

io
 (

A
ve

ra
ge

d
 D

2
)



111 

 

  

Figure 4.17 depicts the changes in performance levels of 10 months old mice in the object 

recognition task (left) and object-location task (right). The blocks were calculated by 

obtaining the mean of the first four trials (trials 1 – 4) and each consecutive blocks of four 

trials thereafter until the end of the session. Performance levels of mice showed no change 

throughout the testing session in both the object recognition and object location task, 

suggesting little amounts of interference within the session. The vertical bars represent the 

standard error of the mean. 

 

  

Figure 4.18 represents the averaged D2 curves for both the spontaneous object recognition 

and object location task. The averaged D2 scores of each trial were obtained by calculating 

the ‘running average’ of each trial within the session. The vertical bars represent the 

standard error of the mean. 

 

 

4.3.4.5 Object location task (Set A) at 14 months 

One sample (two-tailed) t-tests were used to determine if performance of mice in the 

object location task (Set A) was above chance by comparing means of D1 scores and 

averaged D2 ratio against zero (refer to figure 4.5 and 4.6 respectively). The analysis found 

that, at 14 months of age, animals were able to discriminate the objects in the novel location 

from objects in a familiar location (D1 scores: t(12) = 3.01, p = 0.01; averaged D2: t(12) = 
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3.83, p = 0.002).  

 

In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into three blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 

that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session, F(2, 24) = 1.358, p = 0.276 (see figure 4.19).  
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Figure 4.19 depicts the changes in performance levels of 14 months old mice in object-

location task (Set A). The blocks were calculated by obtaining the mean of the first four 

trials (trials 1 – 4) and each consecutive block of four trials thereafter until the end of the 

session. Performance levels of mice showed no change throughout the testing session in 

both the object recognition and object location task, suggesting little amounts of 

interference within the session. The vertical bars represent the standard error of the mean. 

 

 

Figure 4.20 represents the averaged D2 curve for the object location task (set A). The 

averaged D2 scores of each trial were obtained by calculating the ‘running average’ of 

each trial within the session. The vertical bars represent the standard error of the mean. 
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4.3.4.6 Spontaneous object recognition task (Set b) at 14 months 

One sample (two-tailed) t-tests were used to determine if performance of mice in the 

spontaneous object recognition task was above chance by comparing means of D1 scores 

and averaged D2 ratio against zero. Results show that animals show ability to discriminate 

between the novel and familiar object at 14 months of age when the testing session consisted 

of 12 trials: D1 score: t(13) = 5.31, p < 0.001; Averaged D2: t(13) = 6.45, p < 0.001 (figure 

4.21 and 4.22).  

In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into three blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 

that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session, F(2, 26) =  0.99, p > 0.05 (figure 4.23 left).  

 

4.3.4.7 Object location task (Set B) at 14 months 

As in the previous section, a one-sample (two-tailed) t-tests were used to determine 

if performance of mice in the object location task was above chance by comparing means of 

D1 scores and averaged D2 scores against zero. The findings show that 14-month-old mice 

demonstrated object-location memory (refer to figure 4.21 and 4.22) when discrimination 

was analysed with the D1 scores (t(14) = 2.47, p = 0.027); but failed to discriminate the 

objects in the novel location from the objects in the familiar location when analysis was 

conducted on the averaged D2 ratio (t(14) = 1.78, p = 0.097).   

In order to investigate if animal performance changed over the session, the averaged 

D2 scores of all animals were separated into three blocks of 4 trials. Blocks of trials for 

individual animals were obtained by calculating a mean of the averaged D2 scores within 

that block. A test of repeated measures ANOVA found no evidence of performance changes 

within the testing session, F(2, 28) = 2.18, p = 0.132 (see figure 4.23 right). 
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Figure 4.21 represents the performance of 14-month-old mice in the spontaneous object 

recognition and object location task (Set B). The dark grey bar represents the mean 

difference in exploration (D1 scores) in the spontaneous object recognition task, whereas 

the light grey bar represent performance in the object location task. The bars represent the 

mean and the standard error of the mean. 

 

 

Figure 4.22 represents the performance of 14-month-old mice in the spontaneous object 

recognition and object location task (Set B). The dark grey bar represents the mean 

discrimination ratio (averaged D2) in the spontaneous object recognition task, whereas the 

light grey bar represent performance in the object location task. The bars represent the 

mean and the standard error of the mean. 
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Figure 4.23 depicts the changes in performance levels of 14 months old mice in the object 

recognition task (left) and object-location task (right) using object set B. The blocks were 

calculated by obtaining the mean of the first four trials (trials 1 – 4) and each consecutive 

block of four trials thereafter until the end of the session. Performance levels of mice 

showed no change throughout the testing session in both the object recognition and object 

location task, suggesting little amounts of interference within the session. The vertical bars 

represent the standard error of the mean. 

 

  

Figure 4.24 represents the averaged D2 curves for both the spontaneous object recognition 

(left) and object location (right) task using object set B. The averaged D2 scores of each 

trial were obtained by calculating the ‘running average’ of each trial within the session. 

The vertical bars represent the standard error of the mean. 

 

 

4.3.4.8 Object location task (Set C) at 14 months 

As in the previous experiment, one-sample (two-tailed) t-tests were used to 

determine if performance of mice in the object location task (Set A) was above chance by 

comparing means of D1 scores and averaged D2 ratios against zero. Results show when 

analysis was conducted on the Averaged D2 scores, mice performance was above chance; 

t(13) = 3.45, p = 0.004. But failed to discriminate between the novel and familiar location at 
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14 months of age in D1 score: t(13) = 2.12, p =  0.054 (refer to figure 4.5 and 4.6). 

 

In order to investigate if animal performance changed over the session (figure 4.25), 

the averaged D2 scores of all animals were separated into three blocks of 4 trials. Blocks of 

trials for individual animals were obtained by calculating a mean of the averaged D2 scores 

within that block. A test of repeated measures ANOVA found no evidence of performance 

changes within the testing session (F(2, 26) = 2.751, p = 0.082). 
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Figure 4.25 depicts the changes in performance levels of 14 months old mice in object-

location task (Set C). The blocks were calculated by obtaining the mean of the first four 

trials (trials 1 – 4) and each consecutive blocks of four trials thereafter until the end of the 

session. Performance levels of mice showed no change throughout the testing session in 

both the object recognition and object location task, suggesting little amounts of 

interference within the session. The vertical bars represent the standard error of the mean. 

 

 

Figure 4.26 represents the averaged D2 curve for the object location task (set C). The 

averaged D2 scores of each trial were obtained by calculating the ‘running average’ of 

each trial within the session. The vertical bars represent the standard error of the mean. 
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4.3.4.9 Spontaneous object recognition task at 16 months of age 

As in the previous experiment, one-sample (two-tailed) t-tests were used to 

determine if performance of mice in the spontaneous object recognition task was above 

chance by comparing means of D1 scores and averaged D2 ratio against zero. Results have 

shown that animals demonstrate the ability to discriminate between the novel and familiar 

object at 16 months of age when the testing session consisted of 12 trials, D1 score: t(10) = 

5.66, p < 0.001; Averaged D2: t(10) = 14.32, p < 0.001 (see figure 4.27 and 4.28). 

In order to investigate if animal performance changed over the session (figure 4.29 

left), the averaged D2 scores of all animals were separated into three blocks of 4 trials. Blocks 

of trials for individual animals were obtained by calculating a mean of the averaged D2 

scores within that block. A test of repeated measures ANOVA found no evidence of 

performance changes within the testing session (F(2, 20) = 0.977, p = 0.394).   

 

4.3.4.10 Object location task at 16 months of age 

As in previous experiments, one-sample (two-tailed) t-tests were used to determine 

if performance of mice in the object location task was above chance by comparing means of 

D1 scores and averaged D2 ratio against zero. Results show that 16-month-old mice failed 

to distinguish the novel and familiar object-locations; D1 scores: t(9) = 1.14, p = 0.284; 

Averaged D2 score t(9) = 1.79, p = 0.107 (figure 4.27 and 4.28). 

In order to investigate if animal performance changed over the session (figure 4.29 

right), the averaged D2 scores of all animals were separated into three blocks of 4 trials. 

Blocks of trials for individual animals were obtained by calculating a mean of the averaged 

D2 scores within that block. A test of repeated measures ANOVA found no evidence of 

performance changes within the testing session (F(2, 18) = 0.532, p = 0.597).  
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Figure 4.27 represents the performance of 16-month-old mice in the spontaneous object 

recognition and object location task. The dark grey bar represents the mean difference in 

exploration (D1 scores) in the spontaneous object recognition task, whereas the light grey 

bar represent performance in the object location task. The bars represent the mean and the 

standard error of the mean. 

 

 

Figure 4.28 represents the performance of 16-month-old mice in the spontaneous object 

recognition and object location task. The dark grey bar represents the mean discrimination 

ratio (averaged D2) in the spontaneous object recognition task, whereas the light grey bar 

represent performance in the object location task. The bars represent the mean and the 

standard error of the mean. 
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Figure 4.29 depicts the changes in performance levels of 16 months old mice in the object 

recognition task (left) and object-location task (right). The blocks were calculated by 

obtaining the mean of the first four trials (trials 1 – 4) and each consecutive block of four 

trials thereafter until the end of the session. Performance levels of mice showed no change 

throughout the testing session in both the object recognition and object location task, 

suggesting little amounts of interference within the session. The vertical bars represent the 

standard error of the mean. 

 

  

Figure 4.30 represents the averaged D2 curves for both the spontaneous object recognition 

(left) and object location (right) task. The averaged D2 scores of each trial were obtained 

by calculating the ‘running average’ of each trial within the session. The vertical bars 

represent the standard error of the mean. 
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Age Task 

Trial number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

7 SOR 0.33 0.34 0.41 0.39 0.36 0.33 0.36 0.33 0.35 0.36 0.37 0.37 0.37 0.39 0.36 0.36 

OL -0.09 0.42 0.32 0.11 0.24 0.13 0.33 0.15 0.20 0.11 0.11 0.28 0.10 0.19 0.08 -0.10 

10 SOR 0.24 0.53 0.30 0.43 0.23 0.12 0.50 0.19 0.30 0.40 0.52 0.43 0.30 0.11 0.05 0.17 

OL -0.002 0.19 0.17 -0.04 -0.01 0.02 -0.08 0.50 0.06 -0.05 0.08 -0.005 0.03 0.06 0.03 -0.10 

14 OL 0.15 0.13 0.15 0.24 0.25 0.001 0.08 0.12 0.04 0.05 -0.13 0.14     

SOR 0.16 0.45 0.10 0.20 0.20 0.14 0.08 0.36 0.27 0.07 0.37 0.10     

OL 0.02 0.004 0.07 -0.05 0.04 0.07 0.18 0.17 0.17 -0.08 -0.02 0.03     

OL -0.18 0.02 0.05 0.11 0.11 0.09 0.16 0.19 0.15 0.27 0.11 0.10     

16 

 

SOR 0.13 0.53 0.42 0.43 0.37 0.22 0.36 0.13 0.34 0.27 0.28 0.05     

OL 0.16 0.06 -0.17 0.02 -0.03 0.20 -0.01 0.05 0.03 0.10 0.18 0.18     

Table 4.2 details the performance levels (averaged D2 ratio) of mice within the testing session in the spontaneous object recognition (SOR) and object 

location (OL) task at 7-, 10-, 14- and 16 months of age.   
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4.4 Discussion 

The present study aimed to investigate changes in recognition and spatial memory in 

C57 mice over time, the levels of proactive interference in a multiple trials task and reusing 

objects between tasks, and the effects of prior experience on task performance. The results 

of this study found that from 7 to 16 months, mice did not show marked decline in 

performance in recognition and location memory, although performance in the spatial task 

was significantly worse than that of the recognition task. Findings from the study also found 

no evidence of proactive interference within a testing session in both the spontaneous object 

recognition and object location task at 7, 10, 14 and 16 months of age. Finally, this study 

found that prior experience did not affect task performance.  

The present study found no age-related impairment in both recognition and spatial 

memory in mice. In a study conducted by Cavoy and Delaceur (1993), they found that, 

recognition memory was not age-dependent when delays were 5 minutes. But other studies 

however, have shown evidence of age-related impairments in recognition memory with 

delays of over 15 minutes (Burke et al., 2012, Burke & Barnes, 2010). Thus, the presence of 

an age-dependent effect of recognition memory would be unlikely with a 1-minute delay 

used in the present study.  

Spatial memory of ageing mice in the current study did not demonstrate age-related 

decline; but performance in the object-location task were below chance levels from 10 

months old. Previous evidence in cross-sectional studies have indicated that the onset of age-

related decline of spatial reference memory occurs at around 18 months (Markowska, 1999), 

but others have argued that such decline could only be observed at around 20-24 months of 

age (Wimmer et al., 2012). The oldest age of which mice in this study were tested was 16 

months, which is considered early old age (Markowska & Savonenko, 2002), whereas a 

rodent would be considered aged at around 22 – 24 months of age (Shukitt-Hale et al., 2001; 

Maasberg et al., 2012).   
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Therefore, by testing mice at a small window of 7 to 16 months, the current study 

predicted that there will be some evidence of an age-related decline in performance in the 

object-location task. This is because mice were middle aged (16 months) when testing ended, 

which was before the age (22 months old) where rapid memory decline caused by ageing 

would occur. Longitudinal studies investigating memory in ageing rodents typically test 

animals at three time points: young age, middle aged and old age. To illustrate this, Joyal 

and colleagues (2000) tested a group of CD-1 mice at 3, 17 and 22 months of age; the same 

could also be said in other papers investigating age-related changes in memory (Dellu et al., 

1997; Markowska & Savonenko, 2002; Ando & Ohashi, 1991). Theories pertaining human 

ageing have shown that rapid development occurs from early age until about 20 then 

stabilises until about 60 before going through a sharp decline (Craik & Bailystok, 2006).  

Furthermore, the current study uses a longitudinal design to examine age-related 

changes to recognition memory in mice but did not find an age-dependent decline in object 

recognition and object location memory. Studies utilising a longitudinal design often find 

that cognitive impairments are often less pronounced compared to studies with a cross-

sectional design (Joyal et al., 2000; Markowska & Savonenko, 2002; Caprioli et al., 1991). 

Whilst cross-sectional studies are advantageous for evaluating cognitive differences between 

groups of animals (young vs. old animals), the experience levels of animals in these studies 

often do not mirror experiences in the human population. Longitudinally designed studies 

however, provides a solution to the shortcomings of cross-sectional studies by testing the 

same cohort of animals over several time points and this design serves to more closely 

resemble ageing studies in the human population in terms of experience levels. However, 

because experience levels of mice in this study would increase, in part due to being tested 

multiple times throughout different ages, the present chapter investigated the effects of 

experience may have on object recognition and object location memory by comparing mice 
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that had prior experience in both the spontaneous object recognition and object location task 

at 7 months, with a naïve group.  

The present study found that prior experience in the tasks of object recognition and 

object location memory did not improve nor impair performance in those tasks. The effects 

of experience levels in this study was examined by comparing experienced mice (that were 

initially tested at 7 months) and a naïve group at 10 months old in the spontaneous object 

recognition and object location task in the continual trials apparatus. Previous longitudinal 

studies (Markowska and Savonenko, 2002) have found that prior training experience in the 

task resulted in protective effect which preserved performance in both reference memory 

and working memory tasks. Furthermore, a study conducted by Bierley and colleagues 

(1985) have found that once rats received training in radial arms maze at a young age, the 

skills obtained at a young age do not deteriorate when rats ages, creating a protective effect. 

Also, longitudinal studies examining memory in animals have found that the practise effects 

of being retested causes performance of the task to be constant (Ando & Ohashi, 1991; Dellu 

et al., 1997) or even improve (Caprioli et al., 1991). Therefore, although the present study 

found that experience levels had no effect on performance in the spontaneous object 

recognition and object location task, previous experience in the task may have resulted in 

protective effects that contributed to constant performance levels up till 16 months of age.  

The current study found little evidence of proactive interference occurring within the 

testing session, whereby performance levels of mice did not significantly change during the 

testing session of the spontaneous object recognition and object location task across all ages 

(7, 10, 14 and 16 months old). The continual trials approach used in the present study allowed 

the investigation of increased interference and its effects on aging mice. Instead of running 

one trial a day, the present study was able to run multiple trials (12 and 16 trials) within a 

single testing session. Despite the use of trial unique objects, the animals were tested within 

a single context, and in rapid succession (1 min inter-trial interval), thus increasing the 
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interference within the task. The present study also found that 14 month old mice showed 

little interference caused by the reuse of objects between the task. There may be increased 

interference within the object location task due to the reuse of objects that were previously 

seen in the spontaneous object recognition task and previous memory of the objects from the 

spontaneous object recognition task may interfere with the acquisition or retrieval of object 

location memory. Proactive interference has been found to disproportionately affect the 

older population (Moss, Rosene & Peters, 1988; Bartus & Dean, 1979); but this cannot be 

concluded in the present study, because cross-sectional comparisons between older mice and 

younger mice were not made.  

The present study tested the object recognition and object location memory in a group 

of mice from 7 to 16 months of age in a continual trials apparatus and found no age-related 

impairments in both tasks. Object-location memory was impaired compared to object 

recognition memory across all ages. The current study also found that prior experience (7 

months old) in both the spontaneous object recognition and object location task had no effect 

on performance levels at a later age (10 months old). Finally, there was little evidence of 

proactive interference which occurred within the testing session; and the reuse of previously 

encountered objects (from the spontaneous object recognition task) did not adversely affect 

performance in the object location task.  

This study utilises a longitudinal design, instead of a cross-sectional design, which 

have not been widely utilized in ageing studies involving animals. Although the use of 

longitudinal design has the advantage of assessing how memory changes within a cohort 

over time, the effects are often diminished compared to the findings in a cross-sectional 

study (Hedden and Gabrieli, 2004).  To resolve this, future possible work may aim to 

combine the cross-sectional and longitudinal design to investigate age-related decline in 

recognition memory in mice using the continual trials apparatus.  The comparison between 

the cross-sectional and longitudinal study would allow for a more reliable conclusion with 
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regards to the age-related changes in memory. The current study has shed light on normal 

mouse behaviour; and this is an important prerequisite before quantifying and understanding 

behavioural performances of aged population with severe cognitive decline such as 

Alzheimer’s and dementia. 

In the following chapter (Study 3), this thesis further validates the continual trials 

apparatus and examine the paradigms’ potential in the investigation of memory in a diseased 

mouse model. Age-related changes of the object recognition and object location memory of 

a transgenic mouse model of Alzheimer’s Disease was examined using the continual trials 

apparatus.  
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Chapter 5 

Study 3: Evaluating object recognition and location memory of the TASTPM 

(APP/PS1) mouse model for Alzheimer’s Disease  

 

5.1 Introduction 

The previous chapter in this thesis validated the continual trials approach to evaluating 

recognition memory in ageing mice and found that ageing mice were able to successfully 

exhibit object recognition and object location memory. Following that, the present chapter 

will validate the continual trials apparatus in a transgenic model of Alzheimer’s Disease with 

known age-related recognition memory impairments. The current study aimed to replicate 

the findings of previous literature (Howlett et al., 2004) by examining the age-related decline 

of recognition memory in TASTPM (APP/PS1) mice using the continual trials apparatus.  

Alzheimer’s disease (AD) is a progressive neurodegenerative disease and the most 

common cause of dementia in the elderly population (Bilkei-Gorzo, 2014). The prevalence 

of AD is age-dependent, increasing as the population ages. A recent meta-analysis by Niu et 

al., (2017) found that, the prevalence of AD in Europe was 0.97% for patients between ages 

65-74 and 22.53% for patients older than 85 years old; and with the increasing ageing 

population, the prevalence of AD is bound to rise. AD patients typically exhibit progressive 

decline of cognitive function including short- and long-term memory loss, episodic memory 

loss, language difficulties and executive dysfunction (Balducci and Forloni, 2011). 

Histopathological symptoms and diagnosis include the presence of extracellular deposits of 

amyloid beta (Aβ) plaques and intracellular neurofibrillary tangles / hyperphosphorylated 

tau and in later stages of the disease, extensive neuronal loss within the hippocampus and 

cortex (Czech and Grueninger, 2013). There are two forms of the disease: Familial and 

sporadic AD. Familial AD (FAD) affects around 5% of the total cases of AD, whereas 95% 
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of AD patients have sporadic AD (Pardon and Rattray, 2008). FAD is typically early onset 

and often progresses more rapidly compared to the sporadic form of AD. The molecular 

study of FAD has led to the discovery of three known mutations that cause familial AD: 

amyloid precursor protein (APP), presenilin-1 (PS1) and presenilin-2 (PS2); and these 

mutation results in the deposition and aggregation of the 42-amino acid of amyloid-beta 

(Aβ42).  

The use of transgenic mouse models in therapeutic research of AD have been centred on 

the amyloid cascade hypothesis, which postulates that Aβ peptide deposition in the brain is 

the main cause of AD and that neurofibrillary tangles (tau), neuronal loss and dementia is a 

result of Aβ deposition (Hardy and Higgins, 1992; Karran et al., 2011). Thus, most 

therapeutics have been aimed at reducing the deposition of amyloid-β.  To do this, transgenic 

mouse models overexpressing mutations of the amyloid precursor protein (APP) and/or 

presenilin (PS) – proteins that are linked to familial forms of AD – have been used to 

understand pathological developments of the disease.  Examples of transgenic mouse models 

of AD include Tg2576, APP23, APP/PS1, 3xTgAD and 5xFAD. Details of these AD mouse 

models are summarised in Table 5.1. 

This experiment used the TASTPM mice model of AD, which is a transgenic mouse 

model overexpressing the Swedish double (K670N and M671L) and presenilin-1 (M164V) 

familial mutation (Howlett et al., 2004). Like human AD patients, TASTPM mice exhibit 

progressive amyloid plaque deposition that is detectable from 3 – 6 months (Howlett et al., 

2004). The development of Aβ load is age-related; present at low levels at 3 months but 

increasing in load and concentration by 7 and 12 months (Howlett et al., 2008; Grillo et al., 

2013). Howlett and colleagues (2008) further report neuronal loss, particularly in the 

hippocampus of TASTPM mice. Investigations into the plasma of TASPM mice found that 

Aβ levels were detectable from 1 -13 months and Aβ levels within the plasma for older 

animals were less than younger mice (Hallé et al., 2015). Howlett et al., (2008) reported 
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observations of hyperphosphorylated tau in TASTPM mice from 4 months and this 

phosphor-tau labelling increased from 6 – 8 months although no further age-related changes 

were seen.  

Apart from pathological developments of amyloid plaques, TASTPM mice has been 

found to exhibit age-related memory decline similar to human AD patients. Work by Howlett 

and colleagues (2004) has shown that recognition memory of TASTPM mice was impaired 

from the age of 6 months compared to wildtype littermates and this cognitive impairment 

coincided with the presence of matured Aβ plaques that disrupts neural activity. A 

longitudinal study investigating TASTPM and wildtype performance in the object 

recognition task from 4 – 8 months found a lack of age-related decline (Scullion et al., 2011).  

TASTPM mice also exhibited age-related impairment contextual memory task from 

5.5 months old; other studies report impairments at 8 and 11 months of age compared to 

wildtype mice (Pardon et al., 2009; Perren et al., 2003, Pugh et al., 2007). Rattray and 

colleagues however, found that TASTPM mice demonstrated deficit in extinction of the 

contextual fear conditioning between 3 – 4 months, in a weaker conditioning procedure, 

prior to onset of reported memory impairment. This suggest that mice had impaired cognitive 

flexibility during the early development of amyloid pathology (Pardon et al., 2009, Rattray 

et al., 2009). Furthermore, work done by Scullion et al., (2011) investigating spatial memory 

found that TASTPM mice showed an age-related decline in performance on the spontaneous 

alternation task in the T-maze compared to controls. Also, TASTPM mice performance in 

the Morris Water Maze at 4 months of age was comparable to wildtype mice; but escape 

latencies were significantly longer in 8-month-old TASTPM compared to wildtype controls.  

TASPM mice also show decreased motor activity in the locomotor activity test, increased 

feeding over a 24-hour period and lower body weight compared to wildtype mice (Pugh et 

al., 2007).  
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  In the previous study (Chapter 4), this thesis examined longitudinal changes of object 

recognition and location memory of C57 mice from 7 – 16 months of age using the multiple 

trials approach. Using the same continual trials approach, this study sought to examine the 

longitudinal changes of recognition and object location memory in TASTPM mice. The 

multiple trials approach to running the spontaneous object recognition task and its variants 

has been shown to decrease potential stress caused by repeated handling, and in turn lowers 

variance, increases task sensitivity and statistical power (see chapter 3, study 1). The 

reduction of stress is especially important in studies investigating the cognitive abilities of 

transgenic animals. Pre-clinical studies have reported links between stress and Alzheimer’s 

disease (Pardon and Rattray, 2008). In fact, Dong et al., (2004; see also Kang et al., 2007) 

have reported that repeated exposure to stressors have been shown to elevate amyloid beta 

plaque levels and deteriorate memory in APP mice (see Pardon, 2008 for review).   

The present study had two aims: 1) to validate the continual trials approach to 

running recognition tasks in diseased mice to demonstrate whether they can complete the 

task and; 2) to provide a behavioural paradigm that helps clarify conflicting findings in the 

literature. This study sought to investigate whether TASTPM mice exhibit age-related 

decline in object recognition and location memory. To do this, animals received multiple 

trials version of the spontaneous object recognition and object location task at 7 and 10 

months of age. Naïve TASTPM mice were introduced at 10 months to examine the effects 

of experience on the spontaneous object recognition and object location task performance.  
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Mouse 

Model 

Transgene Promoter APP mutation PS1 and 

tau 

mutation 

Amyloid Pathology Age of 

onset 

Behavioural 

impairments 

Age of 

onset 

References 

Tg2576 Human 

APP 

Hamster 

PrP 

KM670/671NL 

(Swedish) 

None High plaque concentration 

in the cortex, subiculum 

and pre-subiculum 

11 - 13 

months 

Spatial 

learning; 

Episodic-like 

memory 

 

10 

months  

Hsiao et al., 

1996; Good et 

al., 2007; 

Taglialatela et 

al., 2009 

APP23 

 

Human 

APP 

Thy-1 KM670/671NL 

(Swedish) 

None High plaque in the 

neocortex and 

hippocampus; neuronal loss 

6 

months 

Spatial learning  3 

months 

Struchler-Pierrat 

et al., 1997; 

Calhoun et al., 

1998; Kelly et 

al., 2003 

APPswe/ 

PS1dE9 

 

Human 

APP/PS1 

Mouse 

PrP 

KM670/671NL 

(Swedish) 

deltaE9 Aβ plaque present at 6 

months; high concentration 

in hippocampus and 

neocortex at 9 months 

6 

months 

Contextual 

memory; 

Spatial learning 

6 

months 

Jankowsky et al., 

2004; Volianskis 

et al., 2010 

TASTPM 

 

Human 

APP/PS1 

Thy-1 KM670/671NL 

(Swedish) 

M146V Aβ plaque deposits; high 

concentration in 

hippocampus and 

neocortex; neuronal loss at 

10 months 

6 

months 

Object 

recognition; 

Contextual 

memory 

6 

months 

Howlett et al., 

2004; Pardon et 

al., 2009; 

Scullion et al., 

2011 

3xTgAD 

 

Human 

APP, PS1 

and tau 

Thy-1 KM670/671NL 

(Swedish) 

M146V 

and 

tau.P301L 

Extracellular amyloid 

deposits in the frontal 

cortex; tau pathology 

(tangles) from 12 months 

6 

months 

Spatial 

memory;  

Contextual 

memory;  

Episodic-like 

memory 

6.5 

months 

Oddo et al., 

2003; Stover et 

al., 2015; Davis 

et al., 2013 

5xFAD 

 

Human 

APP/PS1 

Thy-1 KM670/671NL 

(Swedish), 

I716v (Florida), 

V7171 (London) 

M146L, 

L286V 

Amyloid deposition; 

neuronal loss 

2 

months 

Spatial 

memory;  

Contextual 

memory 

4 - 5 

months 

Oakley et al., 

2006; Kimura 

and Ohno, 2009; 

Ohno, 2009 

Table 5.1 Summary of mouse models that are commonly used in AD research, a comprehensive overview of transgenic mouse models can be found on the 

Alzheimers Research Forum website: Abbreviations: http://www.alzforum.org/research-models/alzheimers-disease. APP, amyloid precursor protein; PS1, 

presenilin-1; Prp, prion protein; Aβ, amyloid beta.  

http://www.alzforum.org/research-models/alzheimers-disease
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5.2 Materials and Methods 

5.2.1 Subjects 

The current study was performed using 16 (8 = male; 8 = female) naïve TASTPM 

mice overexpressing the hAPP695swe mutation (TAS10) and the Presenilin-1 M146V 

mutation were backcrossed with C57Bl/6J mice (Howlett et al., 2004) and sourced from 

GlaxoSmithKline, UK. Animals were housed in groups of up to 4 in individually ventilated 

cages (IVC) under controlled diurnal conditions (0700 – 1900hours). All animals received 

sawdust bedding, cardboard tube and a hammock in the cages as enrichment. All 

experiments occurred during the light phase. Water was available ad libitum throughout the 

study. The animals were food deprived to 90-95% of their free feeding body weight and 

maintained as thus throughout the duration of the study. Dependent on groups (see below), 

animals were 7 or 10 months old at the start of behavioural testing and weighed between 

20.8 – 30.8 grams. Four of 16 mice died before behavioural testing began. 

Subjects in this experiment were divided between two groups. The experienced 

group consisted of 8 mice which were tested at 7 and 10 months old; whereas the naïve group 

was composed of 4 naïve mice, of which the purpose was to investigate if experience 

influenced performance. Mice in the naïve group were tested when they were 10 months old.  

 

5.2.2 Apparatus 

As in chapter 4, this experiment was conducted in an apparatus detailed in Chapter 

2, section 2.1, figure 2.1. Objects were placed in the back-left and –right corner of the 

apparatus 3cm from the walls to allow animals to circle the objects during exploration. The 

floors of the apparatus were lined with a grey LegoTM surface and the walls of the apparatus 

were white.   
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5.2.3 Objects 

Junk objects of various colours, shapes and sizes were used in this experiment. Three 

copies of objects were used as to prevent animals from re-encountering objects; this was to 

ensure that biases resulting from olfactory cues did not occur. The objects used in this 

experiment were trial-unique. For examples of objects, see Chapter 2, section 2.2, figure 2.2.  

 

5.2.4 Habituation and training protocol 

Mice in this experiment received handling and habituation training as described in 

chapter 2, section 2.3.1. The experienced group received pre-training at 7 months and the 

naïve group received pre-training at 10 months old. Prior to test, at 10 months, animals in 

the experienced group were subjected to a single session of shuttling training, due to having 

been trained when they were 7 months old. Habituation and pre-training lasted 9 days and 7 

days for the experienced and naïve groups respectively.  

 

5.2.5 Testing protocol 

All animals in this experiment received either one or two 16 trial testing sessions of 

both the spontaneous object recognition and object location task, depending on group 

allocation. Group 1 received a 16-trial testing session at 7 and 10 months, whereas Group 2 

received a 16-trial testing session at 10 months old. Detailed description of the object 

recognition and the object location task can be found in Chapter 2, section 2.4.1 and 2.4.2 

respectively. Task protocols for the object recognition and object location task are described 

below.   
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5.2.5.1 Spontaneous object recognition task 

Initially, an animal was placed into the holding area of the continual trials apparatus. 

After, the central door open and the animal shuttled into the object area. During this phase 

(sample phase) the animal was presented with a pair of identical objects (a pair of objects 

A), located at the back-left and right corner of the object areas. After 2 minutes of 

exploration, the side arm doors opened, and the mouse returned to the holding area for 1 

minute. During this time, the experimenter swapped the objects around to prepare for the 

test phase. The central door opened once more and the mouse shuttled into the object area, 

this time presented with a copy of the familiar object from the sample phase and a novel 

object (objects A and B). The mouse was given 2 minutes to explore the pair of objects 

before returning to the holding area via the central door. The mouse waited in the holding 

area, whilst the experimenter changes the objects to prepare for the next trial. This procedure 

was repeated until the end of the testing session. 0.1mL of 50% condensed milk solution 

(Nestle, UK) were replenished each time after it was consumed by the animal.  

 

5.2.5.2 Object location task 

As in the spontaneous object recognition task, a trial of the object location task 

consisted of a sample and test phase. The trial structure is identical with the exception that 

animals were presented initially with a novel pair of objects (objects A and B) and an 

identical pair of familiar objects (objects A and A’) of which one of the objects would be in 

a novel location. As in previous chapters, the library of objects that were used in the object 

recognition task was reused for the object location task, but in reverse order. For example, 

objects used in the SOR task were as follows: Objects AA then AB at test; in the object-

location task, the following reverse order was therefore used: Objects BA at sample and BB 

at test. Refer to Chapter 2, section 2.4 for details regarding counterbalancing and exclusion 

criteria.  
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Figure 5.1 represents the experimental timeline of the current study. The experienced 

group was tested at 7 and 10 months of age in the spontaneous object recognition task; 

whereas the naïve group were tested at 10 months of age. Animals were subject to object 

location memory tests 7 days after the completion of the spontaneous object recognition 

task. SOR = spontaneous object recognition task; OL = object location task. 

 

5.2.6 Behavioural analysis 

As in previous experiments, all animal behaviour during the experiment was 

recorded and scored offline using a stopwatch program. When an animals’ nose was directed 

towards the object and was within 1cm or when the animals’ nose was directed towards the 

object within a 45° angle and their paw was touching the object counts as exploratory 

behaviour. However, behaviours such as sitting, climbing and using the objects as leverage 

to rear upwards were not counted as exploratory behaviour. Two primary discriminatory 

measures (D1 and averaged D2) were used to determine discrimination levels between 

novelty and familiarity in this experiment (Ennaceur & Delaceur, 1988). See Chapter 2, 

Section 2.5 for further details.  
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 7 months 10 months 

  Experienced Naïve 

Spontaneous object 

recognition 

7 6 4 

Object location 6 6 4 
 

Table 5.2 shows the number of mice that were tested in the object recognition and object 

location task at 7 and 10 months old (experienced and naïve group).  

 

5.3 Results 

Animals that have completed testing in both the spontaneous object recognition and 

object location task a 7 and 10 months of age were included in the analysis (see table 5.2). 

The analysis was conducted using a 2x2 ANOVA comparing the effects of age on task 

performance.   

 

An analysis of D1 measure showed that there were no effect of age (F(1,4) = 2.16, p 

= 0.22), and task (F(1, 4) = 6.89, p = 0.059). This indicated that TASTPM mice demonstrated 

no age-related decline, and performance between the spontaneous object recognition and 

object location task were at similar levels (see figure 5.2). We also found no interaction 

between age and task, (F(1, 4) = 0.26, p > 0.05), indicating that TASTPM mice did not 

demonstrate age-related decline in object recognition and location memory. 

 

An analysis (2x2 ANOVA) of the averaged D2 scores (figure 5.3) found no effect of 

age F(1, 4) = 3.11, p = 0.15, but found an effect of task: F(1, 4) = 27.05, p < 0.01 on 

performance of TASTPM mice. No age*task interaction was found, F(1, 4) = 0.28, p > 0.05. 

TASTPM showed no age-related decline in relation to task performance; but performance 

was significantly worse in task requiring location memory in comparison to the recognition 

memory task.  
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A further 2x2 ANOVA of the total exploration times of animals at 7 and 10 months 

in the SOR and OL task found that there were no effect of age, F(1, 4) = 0.44, p > 0.05 and 

task, F(1, 4) = 5.16, p = 0.086. This indicated that total exploration times of animals at 7 and 

10 months across both the SOR and OL task were similar (figure 5.4).  

 

 
Figure 5.2 represent the performance (differences in exploration, D1) of TASTPM mice 

at 7 and 10 months in a recognition and location memory task. TASTPM mice did not 

show age-related decline in performance on both the spontaneous object recognition and 

object location task. Vertical bars represent standard error of the mean.  

 

 
Figure 5.3 represents performance of TASTPM mice at 7 and 10 months in the 

spontaneous object recognition and object location task. Analysis found an effect of task, 

which indicate that performance of TASTPM mice were worse in the object location task 

compared to the spontaneous object recognition task. Animals did not show an age-related 

decline in performance. Vertical bars represent standard error of the mean.  
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Figure 5.4 represents the total exploration times of TASTPM mice at 7 and 10 months in 

the spontaneous object recognition and object location task. Animals show similar 

exploration times across ages and task. Vertical bars represent the standard error of the 

mean.  

 

 

In order to evaluate the effects of experience (experienced vs naïve) on task 

performance (spontaneous object recognition and object location), a 2x2 ANOVA was 

conducted to compare performance of experienced and naïve mice using D1 scores and 

averaged D2 ratios. 

 

The findings show that when D1 scores were analysed (figure 5.5), there was no 

effect of task, F(1, 8) 0.42, p = 0.742, suggesting that performance levels between the 

spontaneous object recognition and object location task were similar. The analysis also found 

that the experienced and naïve group performance levels were similar, F(1, 8) = 0.155, p = 

0.704. Task*experience interaction was not significant, F(1, 8) = 0.38, p = 0.554, indicating 

that prior experience in both task did not impact performance levels at 10 months of age. 

The analysis of averaged D2 scores (figure 5.6) revealed similar findings, with no effect of 

task, F(1, 8) = 4.22, p = 0.074; and performance levels between the naïve and experienced 

group were similar, F(1, 8) = 1.302, p = 0.287. Finally a task*experience analysis showed 

that prior task experience had no effect on performance levels at 10 months, F(1, 8) = 1.213, 

p = 0.303.  
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A further 2x2 ANOVA analysing the total exploration times (figure 5.7) of the 

experienced and naïve group in both the spontaneous object recognition and object location 

task found that exploration times in between tasks were similar, F(1, 8) = 4.957, p = 0.057; 

and the experienced and naïve group had similar levels of exploration, F(1, 8) = 0.249, p = 

0.632. A task*exploration analysis on the total exploration times found that previous 

experience in both the spontaneous object recognition and object location task had no effect 

on exploration times in both tasks, F(1, 8) = 0.454, p = 0.519.  
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Figure 5.5 represents the effects of experience on performance (difference between 

exploration) of mice in the SOR and OL task at 10 months. Experience had no effect on 

performance in both the spontaneous object recognition and object location task. Vertical 

bars represent the standard error of the mean.  

 

 
Figure 5.6 represents the effects of experience on performance level (D2 measure) of 10 

month old mice in tasks of recognition and location memory. Analysis found that 

experience did not affect performance of TASTPM mice in the SOR and OL task at 10 

months old. Vertical bars represent standard error of the mean.  
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Figure 5.7 shows the total exploration time of naïve and experienced TASTPM mice. 

Total exploration times did not differ across experience levels and tasks. Vertical bars 

represent standard error of the mean.  

 

 

5.3.1 Performance of animals at 7 months 

 

5.3.1.1 Spontaneous object recognition 

 

As in previous experiments, performance levels of seven-month-old TASTPM mice 

in the spontaneous object recognition task was determined by comparing the mean D1 

measure and averaged D2 of the group against zero (One-sample t-test; two-tailed). Findings 

showed that analysis using D1 and averaged D2 scores showed that, at 7 months of age, 

TASTPM mice successfully discriminated the novel from the familiar object; mean D1 

(±SEM) = 10.22 (±2.23), t(6) = 4.58, p < 0.005;  mean Averaged D2 (±SEM) = 0.29 (±0.04), 

t(6) = 7.13, p < 0.001. See graph 5.8 for details. 

As in previous experiments, to determine whether performance levels of 7 month old 

TASTPM mice changed within the session, trials (total trial number: 16) within the session 

were divided into 4 blocks of 4 trials. Blocks were calculated by obtaining the means of 

averaged D2 scores for the first 4 consecutive trials of each animal and each consecutive 

group of 4 trials. The blocks obtained were then analysed using a repeated measures 

ANOVA, no block effect was found, F(3, 18)  = 1.57, p = 0.23, indicating that performance 

levels of animals did not change within the session. Refer to figure 5.11. 
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Figure 5.8 depicts performance of TASTPM mice in the SOR task at 7 months based on 

D1 measures (left) and the averaged D2 ratio (right). Both analyses were based on all 

animals that were tested in the SOR at 7 months of age (n = 7). TASTPM mice showed 

above chance performance in the SOR task for both D1 and averaged D2 ratio. Vertical 

bars represent the standard error of mean.  

 

 

Figure 5.9 represents the averaged D2 curve of the spontaneous object recognition task at 

7 months. Performance of TASTPM mice were stable throughout the session. Averaged 

D2 ratios were calculated by obtaining the ‘running average’ of each trial within the 

session. Verical bars represent the standard error of the mean.  
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Figure 5.10 represents the cumulative exploration times within the session. The graph 

shows a linear increase throughout the session, indicating that TASTPM mice 

continuously explored both objects until the end of the session. Cumulative exploration 

time by trial 16 was 570.1 seconds, which means mice spent an average of 35.63 seconds 

exploring both novel and familiar objects during each test trial. Vertical bars represent 

standard error of the mean.  

 

 
Figure 5.11 shows the mean averaged D2 ratios of TASTPM mice performance across 16 

trials, blocked into four sets of four consecutive trials. Performance levels across the 

blocked trials were stable and did not show significant fluctuations. Error bars indicate 

Standard Error of Mean. 
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5.3.1.2 Object location task 

 

To determine if 7-month old TASTPM mice performance was above chance in 

discriminating objects in the novel over familiar location, a one-sample t-test (two-tailed) 

was used to compare group D1 scores and averaged D2 ratio against zero. The results found 

that at 7 months of age, TASTPM mice performed at chance level in the object location task 

(mean D1 (±SEM) = 1.63 (±1.24), t(5) = 1.31, p = 0.25; mean averaged D2 (±SEM) = 0.05 

(±0.03), t(5) = 1.94, p = 0.11), indicating preferential exploration towards objects in the 

novel location. See figure 5.9 for details.   

 

As in the spontaneous object recognition task, performance changes across the 

session were measured by comparing four blocks of four trials. Blocks were obtained by 

calculating the mean of groups of 4 trials for each animal. Performance level changes were 

measured by running a repeated measures ANOVA on all four blocks and results found that 

animal performance changed during the session, F(3, 15) = 6.31, p < 0.01, and a Bonferroni 

pairwise comparison revealed different levels of performance between blocks 1 and 2 (p = 

0.005), blocks 1 and 3 (p = 0.005) and trial blocks 1 and 4 ( p < 0.05). Group performance 

in block 1 (first 4 trials) was significantly higher than block 2, 3 and 4, indicating that group 

performance fell then stabilised during the session. Refer to figure 5.15.  
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Figure 5.12 represents performance of TASTPM mice at 7 months in the object location task 

based on the D1 scores (left) and averaged D2 ratio (right). Analysis on both measures found 

chance level performance of TASTPM mice in the object location task. Vertical bars represent 

the standard error of the mean.  

 

 
Figure 5.13 represents the averaged D2 curve of the object location task at 7 months. At the 

start of the session, performance of TASTPM mice were at a D2 of 0.3, but performance 

gradually fell after trial 4 and remained stable until the end of the session. Averaged D2 ratios 

were calculated by obtaining the ‘running average’ of each trial within the session. Vertical 

bars represent the standard error of the mean. 
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Figure 5.14 represents the cumulative exploration times within the session. The graph shows 

a linear increase throughout the session, indicating that TASTPM mice continuously explored 

both objects until the end of the session. Cumulative exploration time by trial 16 was 375.89 

seconds, which means mice spent an average of 23.49 seconds exploring both novel and 

familiar object locations during each test trial. Vertical bars represent standard error of the 

mean. 

 

 
Figure 5.15 shows the mean averaged D2 ratios of TASTPM mice performance across 16 

trials, blocked into four sets of four consecutive trials.Performance level at block 1 (first 4 

trials) were significantly higher than blocks 2, 3 and 4. Error bars indicate the standard error 

of the mean.  
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5.3.2 Performance of TASTPM mice at 10 months of age 

 

Since experienced and naïve TASTPM mice showed similar performance in both 

spontaneous object recognition and object location task, animals from both groups were 

grouped together in the following analysis.  

 

5.3.2.1 Spontaneous object recognition 

 

To see if 10 month old TASTPM mice show the ability to discriminate between the 

novel and familiar object, a one-sample t-test (two-tailed) was used to compare D1 scores 

and averaged D2 ratio against zero. It was found that mice successfully demonstrated 

recognition memory by showing preference towards the novel objects (mean D1 (± SEM) = 

7.12(± 1.60), t(9) = 4.45, p < 0.005; mean averaged D2(± SEM) = 0.18(± 0.04), t(9) = 4.58, 

p = 0.001). See figure 5.16 for D1 and averaged D2 graphs respectively.  

 

Change in performance levels across the session was measured by running a 

Repeated Measures ANOVA on four blocks of 4 trials; segregated over 16 trials. As in 

previous chapters, blocks were obtained by calculating the mean of the averaged D2 of the 

first four trials and consecutive blocks of trials of each animal. No evidence of block effects 

was found (F(3, 24) = 0.43, p < 0.05), indicating that 10 month old TASTPM did not show 

fluctuations in performance during the testing session (see figure 5.19). 
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Figure 5.16 depicts performance of TASTPM mice in the SOR task at 10 months based 

on D1 measures (left) and the averaged D2 ratio (right). Both analyses were based on all 

animals that were tested in the SOR at 10 months of age (n = 10). TASTPM mice showed 

above chance performance in the SOR task for both D1 and averaged D2 ratio. Vertical 

bars represent the standard error of mean.  

 

 

Figure 5.17 represents the averaged D2 curve of the spontaneous object recognition task 

at 10 months. Performance of TASTPM mice were stable throughout the session. 

Averaged D2 ratios were calculated by obtaining the ‘running average’ of each trial within 

the session. Verical bars represent the standard error of the mean.  

 

0

1

2

3

4

5

6

7

8

9

10

D1

D
if

fe
re

n
ce

 in
 e

xp
lo

ra
ti

o
n

 (
s)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Averaged D2

D
is

cr
im

in
at

io
n

 R
at

io
 (

D
2

)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

D
is

cr
im

in
at

io
n

 R
at

io
 (

D
2

)

Trial no.



150 

 

 

Figure 5.18 represents the cumulative exploration times within the session. The graph 

shows a linear increase throughout the session, indicating that TASTPM mice 

continuously explored both objects until the end of the session. Cumulative exploration 

time by trial 16 was 494.2 seconds, which means mice spent an average of 30.89 seconds 

exploring both novel and familiar objects during each test trial. Vertical bars represent 

standard error of the mean.  

 

 
Figure 5.19 shows the mean averaged D2 ratios of TASTPM mice performance across 16 

trials, blocked into four sets of four consecutive trials. Performance levels across the 

blocked trials were stable and did not show significant fluctuations. Error bars indicate 

standard error of mean. 
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5.3.2.2 Object location 

 

To determine if 10 month old experienced TASTPM mice performance was above 

chance in discriminating objects in the novel over familiar location, a one-sample t-test (two-

tailed) was used to compare group D1 scores and averaged D2 ratio against zero. The results 

found that at 10 months of age, performance level of TASTPM mice was above chance in 

the object location task when the averaged D2 scores were analysed (mean averaged D2 

(±SEM) = 0.06 (±0.02), t (9) = 2.36, p = 0.042) and performance level was at chance when 

D1 scores were analysed (mean D1 (±SEM) = 1.96 (±0.95), t(9) = 2.06, p = 0.069), indicating 

mice showed preferential exploration towards objects in the novel location when analysis 

was based on one measure (averaged D2) but not another (D1). See figure 5.20. 

 

As in previous sections, performance changes across the session were measured by 

comparing four blocks of four trials. Blocks were obtained by calculating the mean of groups 

of 4 trials for each animal. Performance level changes were measured by running a repeated 

measures ANOVA on all four blocks and results found no effect of block, F(3, 27) = 1.87, p 

= 0.16, indicating that performance remained stable and did not significantly change during 

the testing session. Refer to figure 5.23. 
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Figure 5.20 represents performance of TASTPM mice at 10 months in the object location task 

based on the D1 scores (left) and averaged D2 ratio (right). Analysis on both measures found 

chance level performance of TASTPM mice in the object location task. Vertical bars represent 

the standard error of the mean. 

 

 
Figure 5.21 represents the averaged D2 curve of the object location task at 10 months. 

Averaged D2 ratios were calculated by obtaining the ‘running average’ of each trial within the 

session. Verical bars represent the standard error of the mean. 
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Figure 5.22 represents the cumulative exploration times within the session. The graph shows 

a linear increase throughout the session, indicating that TASTPM mice continuously explored 

both objects until the end of the session. Cumulative exploration time by trial 16 was 392.24 

seconds, which means mice spent an average of 24.52 seconds exploring both novel and 

familiar object locations during each test trial. Vertical bars represent standard error of the 

mean. 

 

 
Figure 5.23 shows the mean averaged D2 ratios of TASTPM mice performance across 16 trials, 

blocked into four sets of four consecutive trials. Performance level of TASTPM mice were 

stable throughout the session. Error bars indicate standard error of mean.  
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Age Task 

Trial number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

7 
SOR 0.31 0.52 0.12 -0.02 0.20 0.23 -0.14 0.55 0.26 0.38 0.66 0.38 0.45 0.46 0.11 0.24 

OL 0.30 0.11 0.23 0.50 -0.08 -0.36 0.09 0.13 -0.005 0.09 0.07 -0.02 0.04 0.22 -0.41 0.03 

10 
SOR 0.20 0.20 0.28 0.14 0.35 0.05 0.12 0.18 0.17 0.09 0.27 0.14 0.20 0.22 -0.13 0.39 

OL 0.14 0.16 0.12 0.10 -0.10 0.03 0.12 -0.12 0.05 0.06 0.04 -0.22 0.11 0.17 0.07 0.17 

Table 5.3 details the performance levels (averaged D2 ratio) of TASTPM mice within the testing session in the spontaneous object recognition (SOR) and 

object location (OL) task at 7 and 10 months of age. 
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5.4 Discussion 

This study aimed to (1) validate the continual trials approach to running the spontaneous 

object recognition and object location task in the TASTPM mice; and (2) to provide a 

behavioural paradigm that helps to clarify conflicting findings in the literature. To achieve 

this, we compared the performance of TASTPM mice at 7 and 10 months old in the 

spontaneous object recognition and object location task; and at 10 months, introduced naïve 

animals to compare their performance against the experienced group of TASTPM mice.  

To determine if TASTPM mice show changes in recognition and location memory with 

age, we tested mice in the multiple trials version of the spontaneous object recognition and 

object location task at 7 and 10 months of age (figure 5.2 and 5.3). This study found that 

TASPM mice failed to show an age-related decline in both tasks. Performance in the object 

location task was also worse than performance in the spontaneous object recognition task, 

however this is only true with the averaged D2 measure. This confirmed findings by Scullion 

and colleagues (2011), which tested TASTPM mice at 4 – 8 months old in the object 

recognition task and found that mice did not exhibit an age-related decline in recognition 

memory. In fact, like in Scullion’s study, TASTPM mice in the present study successfully 

discriminated the novel from the familiar object at 7 months of age. Although, Scullion et 

al., (2011) did not test TASTPM mice beyond 8 months old. Howlett et al., (2004) found 

that TASTPM from 6 months old was impaired in the object recognition task compared to 

wildtype mice. Furthermore, their finding showed that 10 month old TASTPM mice 

performance in the object recognition task was not above chance, a finding that was not 

confirmed in this study. However, it is important to note that the Howlett’s (2004) study 

used naïve mice, whereas the 10 month old mice in the current study had prior experience at 

7 months of age.  

Previous studies examining spatial/location memory of TASTPM mice in the spatial 

alternation task, the Y-maze, and Morris Water Maze (Scullion et al., 2011) have found that 
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performance in these tasks gradually declines with age. To fill in the gaps in the literature 

on spatial memory, the present study examined performance of TASTPM mice in the object 

location task at 7 and 10 months of age. Contrary to previous studies examining spatial 

memory in TASTPM mice, the present study did not find an age-related decline in the object 

location task. However, at both time points, performance of TASTPM mice were at chance 

level, indicating that from 7 months, TASTPM mice was impaired in object location 

memory. Performance levels of TASTPM mice during the testing session dropped off after 

trial 4 and remained thus until the end of the session. This pattern was not observed in 10 

month old TASTPM mice performance, which suggests that for some time and prior to 10 

months, TASTPM mice may be susceptible to interference of object location memory.  

The present study showed that the TASTPM mice exploration times did not decrease 

with age and exploration times between tasks were not different either. Spontaneous object 

recognition task and its variants are reliant on free exploration of objects based on an 

animals’ preference towards novelty (Ennaceur and Delaceur, 1988). Previous study (Willig 

et al., 1987) found that aged rats spent less time exploring novel objects in an object 

exploration task compared to young rats. Scullion et al., (2011) have also found this to be 

true; that the exploratory drive of TASTPM mice decreases as the animals ages. Also, studies 

(Howlett et al., 2004; Scullion et al., 2011 respectively) reported that TASTPM mice spent 

5 – 8 seconds and 7 month old TASTPM mice spent about 9 seconds exploring the novel 

objects; the current study found that mice spent an average of 19s exploring novel objects. 

Baker and Kim (2002) have shown that exposure to stress may impair recognition memory 

in animals; thus by running the multiple trials version of spontaneous tasks, exploration 

would not be masked by stress caused by repeated handling.  

Discrepancies between performance of TASTPM mice in the object recognition task 

have been thought to be caused by the levels of previous experience in the task (Scullion et 

al., 2011; Howlett et al. 2004). To rectify that, the current study investigated the influence 
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of different experience levels of TASTPM mice on performance in recognition memory 

tasks. This study compared performance of experienced TASTPM mice (that were initially 

tested at 7 months old) and naïve TASTPM mice performance in the object recognition and 

object location task at 10 months of age; it was found that experience levels did not have an 

effect on performance in both tasks. Naïve and experienced TASTPM mice also spent 

similar amounts of time exploring the novel and familiar objects/locations.  

Aside from providing evidence that the continual trials approach was simplistic 

enough to set up in a diseased model, the current study provided further evidence of the 

TASTPM mice model as a transgenic model of Alzheimer’s Disease by testing object 

recognition and object location memory in the continual trials apparatus. The findings of 

Scullion et al., (2011) have been confirmed, that up to 10 months, TASTPM mice do not 

show an age-related decline in object recognition and location memory. Performance of 

TASTPM mice in the object location task has not been characterised prior to this study, and 

although mice did not show an age-related decline in the task, performance in this task was 

worse compared to the object recognition task and performance levels of TASTPM mice 

impaired in the task both at 7 and 10 months. Further work should aim to investigate 

performance of TASTPM mice compared to wildtype controls in the multiple trials version 

of the spontaneous object recognition and object location task to determine that the 

impairments of TASTPM mice were not due to floor effects, especially in the object 

recognition task.  
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Chapter 6 

Study 5: Delay-dependent performance on recognition memory in the continual trials 

apparatus. 

6.1 Introduction 

The present study examined the effects of variable delays on performance of mice in 

the spontaneous object recognition task. To achieve this, the continual trials was adapted to 

incorporate variable retentions delays between sample and test phases; and mice were tested 

in a multiple trials version of the spontaneous object recognition task with retention delays 

of 1, 4 and 24 hours between sample (acquisition) and test (retrieval). Experiment 1 of this 

study was a pilot study to validate the separation of the sample and test phase with a 1-hour 

retention delay. Experiment 2 of this study, investigated the delay-dependent effect of 

memory with a 1-, 4- and 24-hour delay between sample and test. The findings in this study 

supported Hammond et al., (2004; Taglialatela et al., 2009; Hall et al., 2016) showing that 

mice do not exhibit delay-dependent decline in memory with retention delays of up to 24 

hours.  

 

As outlined in Chapter 1, the spontaneous object recognition task has been 

instrumental in the investigation of short-term and long-term recognition memory in rodents. 

Also, this enabled the examination of precognitive and amnesic effects of drug infusions or 

transgenes. This was achieved through the manipulation of the retention intervals between 

the sample (acquisition) and test (retrieval) phase. Previous literature on the effects of 

retention delay on recognition memory in the spontaneous object recognition task have 

produced conflicting findings, with some studies exhibiting delay-dependent effects on 

recognition memory (Winters & Bussey, 2005; Dodart et al., 1997; Sik et al., 2003); whilst 

other studies found no such effect (Hammond et al., 2004; Jessberger et al., 2009; Winters 
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et al., 2004; Bruin et al., 2006; de Lima et al., 2006; Hall et al., 2016; Taglialatela et al., 

2009).  

 

Work done by Sik and colleagues in 2003 compared the performance of different 

strains that were typically used as background for transgenic manipulations in a task of 

recognition memory at various retention delays. They examined the performance of Swiss, 

BALB/c, 129/sv, and C57BL/6J mice in the spontaneous object recognition task at 1-, 4- and 

24-hour delays and found a delay-dependent effect on recognition memory. They also found 

that depending on different discrimination measures yielded different conclusions; based on 

the D1 measure (difference in exploration times between novel and familiar object), 

performance levels were dependent on strain but pointed out that this was due to different 

exploration levels of the mouse strains; with the Swiss and BALB/c showing high 

exploratory behaviour, the 129/sv exhibiting low exploratory behaviour and the C57s falling 

somewhere in between. However, when exploration behaviour between the different strains 

were accounted for (D2 ratio), Sik et al., found that the delay-dependent decrease in 

performance levels did not differ between strains.  

 

In contrast to Sik et al., (2003), in a study by Hall et al., (2016), which investigated 

the performance of Tc1 (a transgenic model of Down Syndrome) and wildtype controls in 

the spontaneous object recognition task at immediate (30s), short-term (10-min) and long-

term (24-hour) delay, found that wildtype (C57) mice performance levels at short-term (10-

min) vs. long-term (24-hour) delay were similar with mean discrimination ratio of 0.75 and 

0.73 respectively. Whereas immediate (30s) vs short-term (10-min) mean discrimination 

ratios were 0.71 and 0.76 respectively. This indicated that wildtype controls did not exhibit 

delay-dependent effects on performance in the spontaneous object recognition task.  
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Whilst delays were widely incorporated in the standard spontaneous object 

recognition task, retention delays have yet to be manipulated in the mouse version of the 

continual trials version of the spontaneous object recognition task. Further, to our 

knowledge, only one study (Albasser et al., 2010) actively manipulated retention delays in 

the bow-tie maze. Albasser et al., (2010) conducted an experiment comparing performance 

of Lister Hooded and Dark Agouti rats on the spontaneous object recognition performance 

at short, medium and long retention delays in the bow-tie maze. During the short delay, rats 

received a 24-trial session where performance at first half of the session (Trial 1 – 12; 

immediate < 1-minute delay), was compared against an increasing delay of 2 – 24 minutes 

at the second half of the session. For both medium (3 hour) and long (24 hour) retention 

delays, rats received 20 trial sessions which after the immediate delay at trial 1 – 10, animals 

were returned to their home cage for the duration of the retention delay, and then followed 

by a second session (trial 11 – 20) where the animals were tested for their memory of objects 

presented during trials 1 – 10. Albasser and colleagues found that both Lister Hooded and 

Dark Agouti rats showed a delay dependent effect; whereby performance in the < 1 min 

delay was superior compared to performance during the short (2 – 24 minute), medium (3 

hour) and long (24 hour) delay. They also found that Lister Hooded rats performed better 

than Dark Agouti rats at the short and long retention delays.  

 

The experiments in this chapter used a paradigm which combined the advantages of 

the delayed non-match to sample (DNMS) and the spontaneous object recognition task: 

multiple trials version of the spontaneous object recognition task (Ameen-Ali et al., 2012; 

Albasser et al., 2010). As the name suggests, this task combines the naturalistic paradigm of 

the SOR task and the multiple trials of DNMS task. The one trial SOR is known also for 

having high variance caused by day to day differences in animal behaviour, and to reduce 

said variance, experiments run a large number of animals over many days. By using the 
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multiple trials version of the OR, we managed to reduce the number of mice used in the task 

by 25% whilst maintaining statistical power (see chapter 3, for details).  

 

The incorporation of retention delays in this study was different than that of Albasser 

et al., (2010), in Albasser and colleagues study, an experimental session was separated into 

two halves, the first half of the session examined recognition memory at a retention interval 

of less than 1 minute, after which the animals were returned to their home cages for 3- or 

24-hours to await the second half of the session. The objects from the first half of the session 

acted as the sample exposure and baseline for testing after the retention delay. Furthermore, 

at the second half of the session, the objects that were initially presented in the first half were 

presented in reverse order, which meant that if object A was the first object to be presented 

in the first half of the session, object A would be tested last in the second half of the session. 

Unlike Albassers and colleagues procedure, the current study utilised a relatively simple 

design, whereby testing sessions were divided into two phases: a sample phase, where pairs 

of identical objects were presented sequentially, and a test phase, in which the corresponding 

familiar and novel objects were presented.  

 

The aim of this study was to investigate delay dependent memory at 1, 4 and 24 hours 

across different delays in the recognition memory task by the method of multiple trials in 

mice. Experiment 1 of this study was a pilot experiment investigating the effects of 1-hour 

retention delay on recognition memory in mice, using the modified method as explained 

above. Experiment 2 of this study aimed to investigate the effects of various retention delays 

(1-, 4- and 24-hour) on recognition memory in the multiple trials apparatus. We expect to 

find a delay-dependent effect of recognition memory as seen in Sik et al., (2003) study.  
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6.2 Experiment 1: Spontaneous object recognition task with 1-hour retention delay. 

6.3 Materials and Methods 

6.3.1 Subjects 

Twelve experimentally naïve female C57BL/6J sourced from Envigo (formerly 

Harlan, UK) were used as subjects in this experiment. The animals were housed in groups 

of 4 in open top cages. Sawdust bedding, nesting material, cardboard rolls and hammock 

were provided in cages as enrichment. Animals were food deprived to 90 – 95% their free 

feeding weight. Water was freely available throughout the study except during habituation 

and testing. Mice were 12 weeks old and weighed between 16.0 – 18.0 grams at the start of 

the experiment. 

 

6.3.2 Apparatus 

The apparatus used in this experiment was used in previous chapters and details of 

the apparatus were described in General Methods, Chapter 2, section 2.1 (see figure 2.1).  

Objects were placed in the top-left and right hand corner of the testing area at 3cm equidistant 

from the walls to ensure optimal object exploration (see figure 2.1 for object placement). 

 

6.3.3 Objects 

Various types of junk objects were used in this study. Objects had different shapes, 

sizes, colours and textures. In order to prevent bias caused by olfactory cues, multiple copies 

of objects were used in this study. Animals did not re-encounter specific objects during the 

experiment. Refer to Chapter 2, Section 2.2 for further details and examples of objects used 

in this study.   
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6.3.4 Behavioural analysis 

Behaviour analysis details were listed in General Methods Chapter 2, Section 2.5. As 

in the previous chapter, analyses in this chapter will focus on the D1 measure and averaged 

D2 ratio.  Task performance was analysed by comparing the group D1 measure and D2 ratio 

in the one sample t-test (two-tailed) against 0.  Changes in performance levels within the 

session were determined by a Repeated Measures ANOVA on four blocks of 2 trials. Blocks 

were obtained by averaging 2 consecutive trials until the end of the session.  

 

6.3.5 Habituation and pre-training 

The experiments in this study were conducted in a dark room illuminated by diffused 

lighting originating from a table lamp (50w lightbulb) which was positioned to shine to a 

wall. White noise was continuously played in the background in order to mask noises that 

came from outside the room. These conditions were maintained all throughout habituation 

and experiment proper.  

Prior to the start of pre-training, all animals received five handling sessions to ensure 

that the animals were accustomed to being handled by the experimenter; and to minimize 

anxiety from subsequent handling.  Pre-training consisted of four stages and the stages are 

as follows: Stage 1, cage mates freely exploring the apparatus for 30 minutes; Stage 2, a 

single mouse freely exploring the apparatus for 20 minutes; Stage 3, shuttling training for 

10 minutes; and Stage 4, exposure to 2 pairs of objects for 5 minutes. Further details of pre-

training were described in General methods Chapter 2, Section 2.3.  
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6.3.6 Testing protocol 

All animals in this experiment received an 8-trial testing session with an hour delay 

between the sample and test phases.  

Initially, mice were placed in the holding area of the continual trials apparatus. After 

1 minute, the central door opened to allow the mouse to shuttle into the object area. The 

animal was given 2 minutes to explore a pair of identical objects located in the top-left and 

top-right hand corner of the apparatus. At the end of the sample trial 1, the side arm doors 

were opened to allow the mouse to return to the holding area for 1 minute. While the mouse 

waits in the holding area, the experimenter changes the objects in the test area to prepare for 

the next sample trial. This was done to ensure that animals were not disturbed by objects 

being changed around in the object area. After a minute, the central door was opened and 

the mouse shuttled to the object area to start sample trial 2. The object area now contained a 

new pair of identical objects. After 2 minutes, the side arm doors were opened once more so 

the mouse was able to return to the holding area. This procedure was repeated until the end 

of the sample phase (trial 8).  

Upon completing the sample phase, the mouse was then placed back into its home 

cage and returned to the holding room before the start of the test phase at the end of the delay 

period. Mice in their home cages were brought back into the experiment room for the test 

phase 5 minutes before the start of the test phase. The animal was placed in the holding area 

to await the start of the test phase. At the end of the hour delay, the central arm door was 

opened to allow the mouse to move into the object area which contained a copy of the object 

previously seen in sample trial 1 and a novel object. After 2 minutes, the side arm doors open 

to allow the mouse to return to the holding area for 1 minute. The central door was opened 

once more to reveal a novel object and a copy of a familiar object encountered in sample 

trial 2 in the object area. At the end of test trial 2, the side arm doors opened and the animal 
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shuttled back into the holding area. This procedure was repeated until the end of the testing 

phase (Trial 8).  

The hour delay between sample and test began at the end of sample trial 1. This was 

to ensure that there were 1-hour delay between each trial of the sample and test phases during 

the testing session.  

To minimise side bias, the novel objects in this experiment were counterbalanced by 

being presented equally on the left and right side (4 trials on the left; 4 trials on the right) 

during the test session. Objects were counterbalanced between animals to minimise the 

effects of object salience. Further counterbalancing details are found in chapter 2, section 

2.4.1.  

If an animal failed to shuttle to the next compartment (area) within 3 minutes after 

the doors opened, the testing session would then be stopped, and all behavioural data of the 

animal would be excluded from the analysis.  

 

Figure 6.1 shows the protocol structure of the current experiment with an hour delay 

between the sample and test phase. As mentioned in the test protocol (see above), timing 

for the one-hour delay started after the end of Sample Trial 1. The block on the left 

represents the sample phase, whereas the block on the right represents the test phase. The 

sample and test phases lasted for at least 20 minutes, and would take longer depending on 

the time taken for mice to shuttle between compartments during the session. In between 

the sample and test, the mouse, in its home cage would be placed in the holding room.  
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6.4 Results  

To determine whether mice were able to discriminate novel from the familiar objects 

after an hour delay, one-sample (two-tailed) t-tests (against 0) were used to analyse group 

D1 and averaged D2 ratios. The analyses found that animals’ performance was above 

chance, demonstrating memory of previously seen object an hour prior to test. Mean D1 

(±SEM) = 4.24 (±1.15), t(11) = 3.66, p < 0.005; mean averaged D2 (±SEM) = 0.16 (±0.04), 

t(11) = 3.96, p <0.005; see figure 6.2 left and right for respective graphs.  

To investigate if performance levels changed during the session, trials in the session 

were divided into blocks and analysed with a repeated measures ANOVA. Unlike previous 

studies (for example study 1, chapter 3), whereby blocks were obtained by calculating the 

average of every 4 trials. However, due to the smaller length of the current session and 

further experiments (8 trials), blocks were obtained by calculating the mean of the first 2 

trials and each subsequent pairs of trials (1 and 2, 3 and 4, 5 and 6, etc) to make up 4 blocks. 

The analysis found no effect of block, F(3, 33) = 0.578, p = 0.634; sphericity assumed, 

suggesting that performance throughout the session was stable and did not show significant 

fluctuations, refer to figure 6.5.  
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Figure 6.2 Group means of the averaged and updated D2 ratios over an 8-trial session (n = 

12 animals). D1 measure (left): Mice showed the ability to discriminate between the novel 

and familiar object at a 1-hour delay between sample and test, t(11) = 3.66, p < 0.005**, 

mean = 4.24 (±1.15). Averaged D2 ratio (right): Mice showed above chance performance 

in the SOR task with an hour delay between sample and test: t(11) = t(11) = 3.96, p 

<0.005**, mean = 0.16 (±0.04).  Error bars indicate the standard error of the mean.  

 

 

Figure 6.3 Total exploration (novel and familiar object) during the test phase. The linear 

increase of total exploration times across the session showed that mice continuously 

explored objects across the test phase. At the end of the session (trial 8), total exploration 

time was 197.73 (±17.0), indicating that an animal spent an average of 24.71 seconds 

exploring objects at each test trial. Vertical bars represent standard error of the mean.  
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Figure 6.4 The graph depict averaged D2 ratios across the testing session. Performance was 

consistent throughout the session, with a mean of 0.26 at the beginning of the session and 

0.16 at the end of the session. Averaged D2 scores for each trial were obtained by 

calculating the ‘running average’ of each trial within a session. Error bars indicate the 

standard error of the mean. 

 

 

Figure 6.5 shows the mean averaged D2 ratios of mice performance (SOR at 1-hour delay) 

across 8 trials, blocked into four sets of two consecutive trials. Error bars indicate the 

standard error of the mean.  
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6.5 Discussion 

This experiment was a pilot that aimed to validate an adapted version of the continual 

trials spontaneous object recognition task designed to manipulate retention delays. This was 

achieved by separating the testing session into two halves, to comprise of a sample phase 

and a test phase block with an hour retention interval between both the phases. This 

experiment found that performance of mice was above chance at a 1-hour retention delay 

between acquisition and retrieval. This finding supports previous studies examining 

recognition memory after an hour retention delay (Sik et al., 2003; Winters et al., 2004; 

Dodart et al., 2007) which found that rodents showed evidence of retaining memory of the 

familiar object after an hour.  

The risk of changes of performance levels caused by proactive interference is typical 

when running tasks involving multiple trials (Ameen-Ali et al., 2012; Albasser et al., 2010; 

Seel et al., 2017). There was no evidence of performance levels changes of mice, suggesting 

that the level of proactive interference was not high enough to alter performance of mice 

during the session. 

The following experiment aimed to examine whether mice exhibit delay-dependent 

effects on object recognition memory. Mice received 3 testing session in the multiple trials 

version of the spontaneous object recognition task at 1-, 4-, and 24-hour retention delay. We 

predict that mice in this experiment will exhibit a delay-dependent decline of object 

recognition memory, similar to what Sik et al., (2003) found.  
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6.6 Experiment 2: Effects of variable retention delays (1, 4 and 24 hours) on object 

recognition memory. 

 

6.7 Materials and Methods 

 

6.7.1 Subjects 

All mice used in this experiment were used in previous Experiment 1 and housing 

conditions were identical to that of Experiment 1.  

 

6.7.2 Testing Protocol 

The testing protocol of this experiment was identical to that of the previous 

experiment except that all animals received 3 testing sessions with delays of 1, 4 and 24 

hours between sample and test phases. Testing sessions were separated into three blocks 

whereby each block lasted a week. This experiment used a latin square design (see figure 

6.6); mice were separated into groups of based on their housing groups and either received 

group 1, group 2 or group 3 testing sequence. The table below illustrates the testing sequence 

between delays and groups.  

 

Week  Group 

1 

Group 

2 

Group 

3 

1 1-hour 4-hour 24-hour 

2 4-hour 24-hour 1-hour 

3 24-hour 1-hour 4-hour 

 

Figure 6.6 represents the testing sequence of the current experiment. Utilising a Latin Square 

design, mice were divided into 3 groups (based on their cage groups) and were received 

testing orders based on the group allocated.  
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6.8 Results  

Delay-dependent effects on recognition memory was measured by comparing group 

performance (D1 scores and averaged D2 ratio) at 1-, 4- and 24-hour delays with a Repeated 

Measures ANOVA. The analyses found no delay dependent effects on memory, whereby 

animals performance was similar across 1-, 4-, and 24-hour delay intervals. D1: F(2, 22) = 

0.395, p = 0.678; and averaged D2: F(2, 22) = 0.032, p = 0.968 (see figure 6.7 for graphical 

representation).  

As in the previous experiment, to determine if mice performance in the object 

recognition task at one, 4 and 24 hours delay was above chance, one sample (two-tailed) t-

tests were used to compare group D1 scores against 0. It was found that mice performance 

at 1- and 24-hour delay were above chance level, (1 hour: mean (±SEM) = 5.18 (±1.53), 

t(11) = 3.38, p < 0.01; 24 hours: mean (±SEM) = 4.14 (±1.22), t(11) = 3.38, p < 0.01), and 

was unable to discriminate between the novel from the familiar object when the delay 

between sample and test was at 4 hours (mean (±SEM) = 3.18 (±1.69), t(11) = 1.89, p = 

0.086), see figure 6.7 upper.  

Analysis of animal performance using group averaged D2 ratios (one sample t-test 

against 0), have shown that mice showed preferential exploratory behaviour towards the 

novel objects, indicating memory of the familiar objects at delay intervals of 1-, 4- and 24-

hours.  1-hour: mean (±SEM) = 0.19 (±0.04), t(11) = 4.57, p = 0.001; 4-hour: mean (±SEM) 

= 0.18 (±0.06), t(11) = 3.05, p < 0.05; 24-hour: mean (±SEM) = 0.19 (±0.05), t(11) = 4.11, 

p < 0.005, see figure 6.7 lower left. 

As in the previous experiment (section 6.4), performance level changes across the 

session was measured by analysing four blocks of trials with a repeated measures ANOVA. 

Identical to the previous experiment, blocks were obtained by calculating means of the 

averaged D2 between the first 2 trials and subsequent pairs of trials. The analyses found that 
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across all delays (1, 4 and 24 hour), no block effects were found (1 hour: F(3, 33) = 0.295, 

p = 0.829, sphericity assumed; 4 hour: F(3, 33) = 0.913, p = 0.445, sphericity assumed; and 

24 hour: F(3, 33) = 0.722, p = 0.961, sphericity assumed). This indicates that, at different 

delay intervals, performance levels did not change across the session (refer to figure 6.8).  

A further repeated measures ANOVA was used to analyse the total exploration times 

(figure 6.11) of mice during the test phases across 1-, 4-, and 24-hour retention delays. It 

was revealed that the total time spent exploring both object did not differ across all delays, 

F(2, 22) = 0.348, p = 0.71.  
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Figure 6.7 depicts object recognition performance at 1-, 4- and 24-hour retention delays. 

Upper Difference between novel and familiar object (D1 scores). Lower shows the 

averaged D2 ratio. Mice showed above chance performance across all retention delays, but 

no delay dependent effect was found; p < 0.001***, p < 0.01**, p < 0.05*. Vertical bars 

represent standard error of the mean (SEM). 
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Figure 6.8 shows the mean averaged D2 ratios of animal performance at 1-, 4- and 24 hour 

retention delay in the object recognition task across 8 trials. Trials were segregated into 

four blocks of two consecutive trials. Findings indicated that performance levels within the 

sessions were unchanged and there were no differences in levels of performance between 

all retention delays. Error bars represent standard error of the mean.  

 

 

Figure 6.9 represents the averaged D2 curve of animal performance in the object 

recognition task at 1-, 4- and 24 hour retention delays. Performance across all delays show 

that, although performance levels were different at the beginning of the session, animal 

performance stabilised from trial 3 onwards until the end of the session. The averaged D2 

ratio for each trial was obtained by calculating the ‘running average’ of each trial within 

the session. Vertical bars represent standard error of the mean.  
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Figure 6.10 shows the total time spent exploring the novel and familiar objects during the 

test phase (1-,4- and 24- hour retention delays). There was a linear increase in total 

exploration times across all retention delays, indicating that animals continously explored 

the objects within the session. Cumulative exploration by the end of the session were as 

follows: 1-hour = 186.56 sec, 4-hour = 198.79 and 24-hour = 183.98; which means that 

mice spent an average of 23.32, 24.85 and 23.00 seconds exploring objects on each trial 

across all retention delays respectively. Error bars represent standard error of the mean.  

 

 

Figure 6.11 represents the mean total exploration times at 1-, 4- and 24-hour retention 

delays in the sample phase of the testing session. Mice spent similar amount of time 

exploring the objects across all retention delays. The error bars represent the standard error 

of the mean.  
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Delay 

Trial number 

1 2 3 4 5 6 7 8 

Experiment 1 1-hour 0.26 0.12 0.11 0.25 0.14 0.27 0.10 0.04 

Experiment 2 1-hour 0.12 0.14 0.17 0.27 0.14 0.22 0.34 0.16 

4-hour 0.02 0.30 0.30 0.18 0.17 0.07 0.10 0.28 

24-hour 0.29 0.19 0.17 0.19 0.08 0.10 0.28 0.20 

Table 6.1 details the object recognition memory (averaged D2 scores) of mice within the testing session of experiment 1 

and 2 of the present study. The 1, 4 and 24 hours represent the delays between the sample phase and test phase of the 

experiment.  
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6.9 General Discussion 

This experiment aimed to investigate whether delay-dependent forgetting occurs in 

object recognition memory. To achieve this, the continual trials paradigm was adapted to 

incorporate longer retention delays between the sample and test phases; and mice were tested 

in the continual trials version of the spontaneous object recognition task at 1-, 4- and 24-

hour retention delays. This experiment found no delay-dependent effect on recognition 

memory in the continual trials task, supporting the findings of Albasser et al., (2010) and 

Hall et al., (2016).  

Albasser and colleagues found that although rats exhibited a decline in recognition 

memory at immediate (1 min) vs medium- (3-hour) and long-delays (24-hours), rats had 

similar performance levels at 3-hour and 24-hour delay (approximate D2 value = 0.09 for 

both delays). This finding was similar to that of the current experiment, whereby the mean 

D2 ratios of the 4- and 24-hour delays were similar, averaging at around 0.1. Which 

suggested that over longer delays, the increased sensitivity the continual trials task was able 

to detect subtle changes or lack of changes in memory across long-term delays. Furthermore, 

work by Hall et al., in 2016 found that performance of wildtype mice at immediate (30s) 

delay did not differ from 10 minutes delay and performance at 10 mins delay was not 

different from 24-hours delay; which further supports the findings of the current study.  

As in the previous experiment, performance levels of mice in the current experiment 

across the testing sessions did not change across all retention delays. With multiple trials 

task, there is often a risk of interference that may adversely affect animal performance, 

especially with increasing retention delays. However, this experiment found little or no 

evidence of interference across the session and at retention delays of 1-, 4- and 24-hours. 

The present study (experiment 2) found that mice demonstrated similar exploration levels 

across all retention delays.  
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To conclude, the present chapter aimed to investigate the effects of delay-dependent 

effects on memory in a continual trials version of the spontaneous object recognition task. 

To do this, experiment 1 validated the multiple trials version of the spontaneous object 

recognition task, and experiment 2 investigated the evidence of delay-dependent decline in 

recognition memory. The current study provided a baseline for performance of mice at 

various retention delays in the continual trials apparatus, which widens the potential of the 

approach to test the effects of pharmacological substances on recognition memory.  

Following the successful adaptation of the continual trials paradigm to test the effects of 

variable retention delays in object recognition memory, the next chapter of this thesis will 

present a study investigating the effects of NMDA blockade on object recognition memory 

in mice using the continual trials approach.  
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Chapter 7 

Study 5: The effects of NMDA receptor antagonist MK-801 on recognition memory in 

mice.  

7.1 Introduction 

The current chapter aimed to examine the role of NMDA receptors on the modulation 

of short-term and long-term object recognition memory in mice using the continual trials 

apparatus. The NMDA receptor antagonist MK-801 was systemically injected before 

exposure and/or test during long-term (24-hours) and immediate (1-minute) test of object 

recognition memory. Using a 2x2 state-dependent design, the present chapter will establish 

at this stage that, at a lower dose (0.01mg/kg) of MK-801, recognition memory was state-

dependent and had no effect on level of activity. The state-dependent effect on recognition 

memory found in the lower dose was replicated in the higher dose (0.1mg/kg) of MK-801, 

but displayed an effect of drug (increased distance travelled in the MK groups).  

The role of the neurotransmitter glutamate in the formation of memory processes has 

been widely studied, and a large body of evidence have shown that the N-methyl-D-aspartate 

(NMDA) receptors are closely linked to learning and memory processes, especially during 

encoding (for review see Riedel et al., 2003). The role of NMDA receptors in learning and 

memory have been investigated using tasks of object recognition memory (Winters and 

Bussey, 2005; Barker et al., 2006; King et al., 2004; Nilsson et al., 2007; de Lima et al., 

2005; Pitsikas, et al., 2006; van der Staay et al., 2011) and object-location/ object-in-place 

task (Barker and Warbutron, 2008; Adriani et al., 1998; Han et al., 2013) by the 

administration of competitive and non-competitive antagonist. AP5, although low in 

bioavailability is one of the most widely used competitive NMDA antagonist in animal 

behavioural studies due to its high selectivity and limited side effects (Riedel et al., 2003).  
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MK-801 (dizocilpine maleate), on the other hand, is a non-competitive and selective 

NMDA antagonist that has a high affinity towards NMDA receptors (Wong et al., 1986) and 

acts by binding to NMDA receptors and blocking the channel pore in a use-dependent 

manner. Furthermore, the range of which MK-801 could be used therapeutically is limited, 

in part because higher dosages of the drug causes ataxia and large behavioural changes occur 

within a narrow dose range (Nilsson et al., 2007). In a study conducted by Andine et al., 

(1999), found that although rats injected with 0.1mg/kg of MK-801 did not display 

sensorimotor impairments, a higher dose of 0.2mg/kg of the drug induced ataxia in female 

rats and the same effect was seen in male rats at 0.5mg/kg of MK-801. Similar effects were 

also found in mice, whereby ataxia begins to occur at 0.3mg/kg of the drug administration 

(Nilsson et al., 2007).  Behavioural changes in animals administered with MK-801 found 

increased levels of locomotor activity (Amalric et al., 1994; Mele et al., 1994; Hargraves 

and Cain, 1992).  

The effects of the NMDA receptor antagonist, MK-801 have been examined in 

different tasks of learning and memory, and it is widely acknowledged that the drug impairs 

performance in learning and memory task during encoding. This has been found in 

investigations of the radial arm maze (Caramanos and Shapiro, 1994; Huang et al., 2004; 

White and Best, 1998), passive avoidance (Bevenga and Spaulding, 1988; Harrod et al., 

2001; Venable and Kelly, 1990), t-maze alternation (Mackes and Wilner, 2006), morris 

water maze (McLamb et al., 1990; Filliat and Blanchet, 1995; Ahlander et al., 1999; Uekita 

and Okaichi, 2005). Also, there are studies which found that administration of MK-801 post-

exposure or pre-test impaired performance in learning and memory tasks (Boess et al., 2004; 

de Lima et al., 2005; Vales et al., 2006; da Silva et al., 2009; Ko and Evenden, 2009).  

Whilst administration of MK-801 has been known to impair performance in tasks of 

memory, some studies have instead found facilitating effects of MK-801 on memory. For 

example, in a step-down passive avoidance task (Mondadori et al., 1989; Mondadori and 
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Weiskrantz, 1993) and passive avoidance task (Mondadori et al., 1989), animals that 

received the drug post learning showed improved retention.  

Previous studies investigating the effects of MK-801 on object recognition memory 

found that impairments occurred when MK-801 was administered prior to the exposure 

phase (de Lima et al., 2005; King et al., 2007; Nilsson et al., 2007; van der Staay et al., 

2011). Investigations into the effects of MK-801 administration post-exposure or pre-test 

however, has been conflicting, with some studies (de Lima et al., 2005; Pichat et al., 2007) 

reporting impairment of performance; whilst other studies reported facilitating effects of the 

drug (Nilsson et al., 2007) in the object recognition task.  

Work by de Lima and colleagues (2005) which examined dose dependent (0.001, 

0.01 and 0.1 mg/kg) effects of MK-801 found that when the drug was administered pre-

exposure, rats that received 0.01 and 0.1 mg/kg MK-801 showed impaired performance 

compared to the saline control group in a test of short-term (1.5-hour) and long-term (24 

hour) novel object recognition memory. Further, when the 0.1mg/kg of the drug was 

administered immediately after the exposure phase, rats displayed impaired novel object 

recognition in both short-term and long-term memory relative to saline controls.  

In a separate study by Nilsson et al., (2007), mice received either injections of saline 

or MK-801 (0.1mg/kg and 0.2mg/kg) prior to exposure, immediately after exposure, or pre-

test in an object recognition task. Object recognition memory was tested 1.5 hours after 

exposure phase and found that when the drug was given prior to exposure, mice showed 

impaired performance in the task. However, when the drug was administered post-exposure 

or pre-test, the animals instead showed increased novel object exploration, indicates that the 

MK-801 has facilitating effect on retention memory and suggested that the activation of the 

NMDA receptors is required for encoding but not consolidation and retrieval.  

To our knowledge, previous literature examining the effects of MK-801 on learning 

and memory, primarily the novel object recognition task, would investigate the impacts of 
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the drug pre-exposure, post-exposure and pre-test, but failed to include state-dependent 

controls in their studies. To fill in the gap in this literature, the current study examined state-

dependent learning in the spontaneous object recognition task by introducing a group of mice 

which received drug at both sample and test.  

State-dependent learning and memory is a form of information processing whereby 

acquisition of information is encoded during a particular state and retrieval of said 

information is dependent on the state in which encoding occurred (Radulvic, Jovasevic and 

Meyer, 2017). Initially described in the 1930s by Girden and Geller in a study which reported 

that dogs administered with cucare prior to being conditioned to leg flexion response, were 

unable to display the conditioned response when curare was no longer in the animals’ 

system. However, the dogs elicited the leg flexion response when the animals were 

administered cucare again. Since then, state-dependency learning has been demonstrated in 

several difference species, most of which involves the administration of drugs.  Research on 

state-dependent learning have been extensively found in the investigations of drug effects 

on passive avoidance and learning (Harrod et al., 2001; Overton, 1991; Koek, 2011), but not 

in tasks of recognition memory.  

In a study by Harrod and colleagues (2001), they investigated whether the NMDA 

antagonist MK-801 blocked the acquisition and retention in a passive avoidance task by 

utilizing a state-dependent learning design. The state-dependent learning employs a 2x2 

design which results in saline-saline, saline-drug, drug-saline and drug-drug groups. Rats 

received intraperitoneal injections of either saline or MK-801 (0.05 and 0.10 mg/kg) 30 

minutes prior to training and test. The acquisition of passive avoidance response was 

measured two minutes and 24-hours after the end of training. They reported that, at a dose 

of 0.05mg/kg, rats showed only marginal state-dependent learning at 24-hour retention tests; 

however, when rats were administered with a higher dose of the drug (0.1mg/kg), they found 

that passive avoidance response was state-dependent.   
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The present chapter consists of four experiments which aimed to examine the effects 

of MK-801 on object recognition memory when administered during acquisition and 

retrieval phases. As briefly mentioned above, Experiment 1 aimed to investigate whether a 

low dose (0.01mg/kg) of MK-801 would block acquisition and retention during a long 

retention delay (24-hours) using a state-dependent learning design; Experiment 2 examined 

if state-dependency effects that were found during the low dose were present with 

administration of a higher (0.1mg/kg) dose of MK-801. Experiment 3 of the present chapter 

investigated the effects of higher dose (0.1mg/kg) MK-801 on short-term object recognition 

memory. Lastly, experiment 4, examined the whether an effect of state-dependency was 

found at a higher dose during a 24-hour retention delay in the spontaneous object recognition 

task.  

Immediate and long-term spontaneous object recognition memory in the present 

chapter was examined using a novel multiple trial method which have been found to increase 

sensitivity and reduce within animal variance (as detailed in chapter 3). Thus far, as shown 

in previous studies in this thesis, the use of the continual trials method enabled further 

contribution to different fields in memory research, such as ageing, Alzheimer’s disease, and 

presently, the functions of NMDA receptors in learning and memory. The continual trials 

task combines the advantages of the DMNS (multiple trials) and spontaneous object 

recognition (no-prior training and food reward) tasks, which in turn results in reduced time 

taken to collect data and increased sensitivity due to a decrease in the day-to-day variance in 

animal behaviour.  

Based on the previous literature available on the effects of MK-801 on object 

recognition memory, the expected findings in this chapter would include impairment in 

performance of mice that received administration of MK-801 prior to exposure phase 

compared to saline controls.  

 



184 

 

7.2 Materials and Methods 

7.2.1 Apparatus 

The apparatus used in this experiment was identical to that used in previous chapters 

and details of the apparatus can be found in Chapter 2 (General methods), section 2.1 (See 

figure 2.1 for details).  

 

7.2.2 Objects 

Various junk objects with different properties were used in this study. Junk objects 

were described in Chapter 2, section 2.2, see figure 2.2 for examples of junk objects.  

 

7.2.3 Behavioural analysis 

Refer to chapter 2, section 2.5 for details of behavioural analysis. To determine if 

group performance is significantly different, a one-way ANOVA was used to compare 

means of the four different groups. Then a one-sample t-test was used to measure if 

individual group performance was above chance. Exploration times and locomotor activity 

differences between groups were measured using a one-way ANOVA.  
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7.4 Experiment 1: MK-801 0.01mg/kg and 0.1mg/kg: Object recognition (24-hour test) 

7.5 Materials and Methods 

7.5.1 Subjects 

Thirty-two females C57BL/6J mice were used as subjects in this experiment (Charles 

River, UK). The animals were housed in groups of four under diurnal conditions (0700 light; 

1900 dark). Sawdust bedding, cardboard tunnels and nesting material were provided as 

forms of enrichment. Mice were food deprived up to 85% of their free feeding weight and 

thus maintained throughout behavioural testing. Water was freely available throughout the 

study. Mice weighed between 14.6 and 19.1grams at the start of behavioural testing. The 

animals previously took part in a conditioning task.  

7.5.2 Drugs and injection 

(+)-MK-801 hydrogen maleate (Sigma-Aldrich, UK) was dissolved in saline (0.9% 

NaCl solution) and injected intraperitoneally 30 minutes before acquisition and retrieval. 

Doses of 0.01 and 0.1mg/ kg (10mL/kg) were used in this experiment.    

 

7.5.3 Habituation and pre-training 

The condition of the experimental room in this chapter was identical to that of 

previous chapters. Mice received habituation and pre-training protocol as described in 

chapter 2, section 2.3. Pre-training lasted for 7 days.  

 

7.5.4 Testing protocol 

Mice in this experiment received two 8-trial spontaneous object recognition task 

protocol which had a 24-hour retention delay between sample and test that was previously 



186 

 

described in chapter 6, section 6.3.6. Mice received i.p injections 30 mins prior to the 

acquisition phase and 30 mins prior to test phase.  

In experiment 1, mice were divided into 4 treatment groups (N = 8/group) where 

animals either received i.p injections of (a)saline at sample and saline at test; (b)saline at 

sample and drug at test; (c)drug at sample and saline at test; or (d)drug at sample and drug 

at test. The dose used in this experiment was 0.01mg/kg. In experiment 2, mice were divided 

into two groups of 16 animals and received either (a)saline/saline; or (b)drug/drug injections 

intraperitoneally. The allocation of mice in experiment 2 were counterbalanced according to 

the groups that mice were assigned to in experiment 1; four mice from each group in 

experiment 1 were assigned to the saline/saline or MK/MK group in experiment 2. The drug 

dose used in experiment 2 was 0.1mg/kg 10mL/kg. The experimenter was unaware of the 

type of treatment that mice received during behavioural testing, as the drug treatments were 

administered by an assistant. The washout period for the drug was 14 days, therefore testing 

for experiment 2 occurred two weeks after experiment 1 (see figure 7.1 for testing protocol).  
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Figure 7.1 shows a representative diagram of the experimental procedure of the 

spontaneous object recognition task with 24-hour retention delay and used in experiments 

1, 2 and 4. Mice received either an i.p injection of saline or drug 30 minutes prior to sample 

and test.  

 

 
Figure 7.2 represents the procedure of experiment 3: the spontaneous object recognition 

task with short (1-minute) retention interval between sample and phase. Mice received i.p 

injection of either drug or saline 30 minutes prior to the start of the testing session.  
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7.6 Results 

7.6.1 Experiment 1: 0.01mg/kg MK-801 object recognition at 24-hour retention delay 

The effect of MK-801 administration was analysed using a 2x2 (Exposure x Test) 

ANOVA on the preference scores such as the D1 measure and D2 ratios. The 2x2 ANOVA 

revealed a significant Exposure x Test interaction, F(1, 28) = 8.07, p = 0.008, and simple 

main effects revealed differences between the SAL-SAL and MK-SAL group, F(1, 28) = 

5.23, p = 0.03; and MK-SAL and MK-MK group, F(1, 28) = 6.81, p = 0.014 (figure 7.3). 

These findings suggest that the retrieval of object recognition memory at a low dose 

(0.01mg/kg) of MK-801 was state-dependent. The analysis of the D2 scores revealed an 

Exposure x Test interaction, F(1, 28) = 4.48, p = 0.043, but no effects of exposure or test 

[F(1, 28) = 0.079, p = 0.78 and F(1, 28) = 0.42, p = 0.525 respectively]. Subsequent pairwise 

comparisons did not differ between SAL-SAL, SAL-MK, MK-SAL and MK-MK group.  

To determine if individual groups show the ability to discriminate the novel from the 

familiar object in the current experiment, the mean D1 and D2 ratio of the groups (Sal/Sal, 

Sal/ Drug, Drug/Sal, Drug/Drug) were analysed using one-sample (two-tailed) t-test against 

zero. The results found that all groups show above chance performance in the spontaneous 

object recognition task, indicating that they retained memory of the familiar objects from the 

sample phase after 24-hours retention delay (see table 7.1 for results summary).  

The effect of MK-801 administration was analysed using a 2x2 (Exposure x Test) 

ANOVA on the distance travelled and total exploration times. The 2x2 ANOVA on the 

distance travelled during the sample phase (figure 7.5), revealed a significant Exposure x 

Test interaction, F(1, 28) = 0.126, p = 0.725, but no effects of exposure or test [F(1, 28) = 

1.22, p = 0.278 and F(1, 28) = 0.56, p = 0.815 respectively].  The 2x2 ANOVA on the 

distance travelled during the test phase (figure 7.5), revealed a significant Exposure x Test 

interaction, F(1, 28) = 2.26, p = 0.144, but no effects of exposure or test [F(1, 28) = 0.54, p 

= 0.469 and F(1, 28) = 1.61, p = 0.215 respectively]. The 2x2 ANOVA on the total 
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exploration times during the sample phase (figure 7.6), revealed a significant Exposure x 

Test interaction, F(1, 28) = 0.006, p = 0.938, but no effects of exposure or test [F(1, 28) = 

0.426, p = 0.519 and F(1, 28) = 0.016, p = 0.899 respectively]. The 2x2 ANOVA on the total 

exploration times during the test phase (figure 7.6), revealed a significant Exposure x Test 

interaction, F(1, 28) = 0.00, p = 0.988, but no effects of exposure or test [F(1, 28) = 0.719, p 

= 0.404 and F(1, 28) = 2.50, p = 0.125 respectively]. These findings indicate that the 

administration of MK-801 had no effect on the distance travelled and total exploration times.  

A Group*Block ANOVA was used to examine if performance levels changed over 

the testing session between groups (figure 7.7). Blocks were obtained by calculating the 

mean of the first two trials and subsequent trials until the end of the session, resulting in 4 

blocks of two trials. The results found an evidence of block [F(3,84) = 6.385, p = 0.001] but 

no effect of group*block [F(9, 84) = 0.404, p = 0.93]. Post-hoc pairwise comparison 

(Bonferroni) revealed a change in levels of performance between Trial 1 – 2 and trial 5 – 6 

(p < 0.001) and trials 1- 2 and trials 7 – 8 (p = 0.029). Performance of animals were 

significantly worse in trials 1 – 2 compared to performance at trials 5 – 6 and 7- 8. 
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Figure 7.3 represents the effects of MK-801 on the performance of mice in the 

spontaneous object recognition task. The bars and SEM represent the difference in time 

spent exploring the novel and familiar objects after a 24-hour retention delay. The 

performance of the MK/SAL group was impaired compared to the saline (SAL/SAL) and 

the state-dependent (MK/MK) control groups. 

 

 

 

 

 
Figure 7.4 represent the effects of MK-801 administration on the performance of the 

spontaneous object recognition task. The bars and SEM represent the ratio of the 

difference between time spent exploring the novel and familiar object and the total time 

spent exploring both objects. The results found no difference between performance of 

groups using the D2 measure.  
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Figure 7.5 represent the activity levels (distance travelled) by mice in the sample and test 

phases in the spontaneous object recognition task. The dark grey bars represent the mean 

distance travelled (±SEM) during the sample phase; and the light grey bars represent the 

mean distance travelled (±SEM) at test. All groups showed similar activity levels 

throughout the sample and test.  

 

 

 

 
Figure 7.6 shows the total exploration times (seconds) by the saline control, sal/drug, 

drug/sal, and drug/drug groups. The dark grey bars represent the mean total exploration 

times (±SEM) of during the sample phase; whereas the light grey bars represent the mean 

total exploration times (±SEM) of the test phase. There were no between group differences 

in total exploration times at sample and test phase. 
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Figure 7.7 represent the changes in performance levels of all groups throughout the test 

phase of the spontaneous object recognition task at 24-hour retention delay. The testing 

session was divided into four blocks of two trials which were obtained by calculating the 

mean D2 ratio of the first two trials (trial 1 and 2) and each subsequent pairs of trials until 

the end of the session. No between group differences were found, however an effect of 

block was found between the first (trials 1 and 2) and third (trial 5 and 6) block; and first 

and fourth (trial 7 and 8) block.  
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7.6.2 Experiment 2: 0.1mg/kg MK-801 object recognition at 24-hour retention delay 

As in the previous experiment, the effects of MK-801 administration on performance 

in the spontaneous object recognition task at 24-hour retention delay was examined by 

comparing the mean performance (D1 scores and D2 ratio; see figure 7.8 and 7.9 

respectively) of the saline group and drug group using an independent sample t-test. The 

results found that performance of mice that received 0.1mg/kg MK-801 injection at sample 

and test were similar to saline controls (D1: t(30) = -0.329, p = 0.744; D2: t(30) = -0.251, p 

= 0.804). This indicates that when controlled for state-dependency at a higher dose, the drug 

did not affect object recognition memory performance.  

To investigate whether the saline controls and drug group exhibited object 

recognition memory by preferentially exploring the novel over familiar object, the means of 

group performance (D1 and D2 ratio) were analysed using a one-sample (two-tailed) t-test 

against zero. The results found that both the state-dependency controlled (MK/MK group) 

and saline controls showed the ability to discriminate the novel from the familiar object in 

the spontaneous object recognition task at 24-hour retention delay (see table 7.1 for results 

summary). 

To determine whether the drug affected exploratory behaviour toward objects (figure 

7.10) and the activity levels (figure 7.11) during the sample and test phase of the task, an 

independent sample t-test was used to compare the total exploration times and the distance 

travelled between the drug group and saline control at sample and test. The analysis found 

that at a dose of 0.1mg/kg, MK-801 had no effect on total exploration times at sample [t(30) 

= -0.548, p = 0.588] and test [t(30) = -0.791, p = 0.435], but had an effect on the animals’ 

activity levels during the task (Sample: t(30) = -5.065, p < 0.001; Test: t(30) = -3.715, p = 

0.001). 

As in the previous experiment, changes in performance levels during the task was 

examined by analysing the effects of four blocks of two trials (figure 7.12). Blocks were 
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obtained by calculating the mean D2 of trial 1 and 2 and every subsequent pair of trials (trials 

3 and 4; trials 5 and 6; trials 7 and 8). A block*group ANOVA revealed an effect of block 

[F(2.327, 69.811) = 3.608, p = 0.026, greenhouse-geisser corrected], and a post-hoc pairwise 

comparison showed a change in performance levels at block 1 and 2 (p < 0.001). The analysis 

did not show an interaction of group*block [F(2.327, 69.811) = 0.284, p = 0.786, 

greenhouse-geisser corrected].  
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Figure 7.8 represents the effects of state-dependency controlled administration of MK-

801 (injection at sample and test) on the differences in exploration times in the 

spontaneous object recognition task. The bars are representative of the mean and SEM of 

the difference between the novel and familiar objects (D1) of the MK-801 group and saline 

controls.  

 

 

 
Figure 7.9 represents the effects of state-dependency controlled administration of MK-

801 (injection at sample and test) on the performance in the spontaneous object recognition 

task. The bars are representative of the mean and SEM of the discrimination ratio (D2) of 

the MK-801 group and saline controls. 
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Figure 7.10 shows the mean total exploration times of the MK-801 group and saline 

controls in the spontaneous object recognition task. The dark grey bars represent the mean 

(±SEM) total exploration times of the saline group at sample and test; whereas the light 

grey bars represent the total exploration times of the MK-801 group.  

 

 

 
Figure 7.11 shows the mean distance travelled of the MK-801 group and saline controls 

in the spontaneous object recognition task. The dark grey bars represent the mean (±SEM) 

distance travelled of the saline group at sample and test; whereas the light grey bars 

represent the mean distance travelled of the MK-801 group. 
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Figure 7.12 represent the changes in performance levels of the MK-801 group and saline 

controls throughout the test phase of the spontaneous object recognition task at 24-hour 

retention delay. The testing session was divided into four blocks of two trials which were 

obtained by calculating the mean D2 ratio of the first two trials (trial 1 and 2) and each 

subsequent pairs of trials until the end of the session. No between group differences were 

found, however an effect of block was found between the first (trials 1 and 2) and second 

(trial 3 and 4) block.  
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7.7 Experiment 3 and 4: MK-801 0.1 mg/kg: Object recognition 

7.8 Material and Methods 

7.8.1 Subjects 

Thirty-two female C57BL/6J mice (Charles River, UK) were used as subjects in this 

experiment. The housing conditions of animals in the current experiment was identical to 

that of the previous experiment, with the exception that mice were housed in groups of 8. As 

in the previous experiment, mice were food deprived to 85% of their free feeding weight and 

thus maintained throughout the experiment. Water was freely available throughout the 

experiment. The animals weighed between 14.4 and 18.8 grams at the start of behavioural 

testing. The animals had previous experience in a conditioning task.  

7.8.2 Drugs and injections 

As in the previous experiment, (+)-MK-801 hydrogen maleate (Sigma-Aldrich, UK) 

was dissolved in saline (0.9% NaCl solution). Animals were injected intraperitoneally 30 

minutes prior to the testing session in experiment 3 and 30 minutes before acquisition and 

retrieval in experiment 4. A dose of 0.1mg/ kg (10mL/kg) were used in this experiment.    

7.8.3 Habituation and pre-training 

The pre-training and habituation in these experiments were identical to that of the 

previous experiment. Pre-training for animals in experiment 3 and 4 lasted for a total of 7 

and 10 days respectively.  

7.8.4 Testing protocol 

7.8.4.1 Experiment 3: 0.1mg/kg MK-801 object recognition at short delay (1-minute) 

The animals (N = 16) in this experiment received an 8-trial spontaneous object 

recognition task as described in chapter 2, section 2.4.1. Mice were injected with either saline 

or 0.1mg/kg MK-801 interperitoneally 30 minutes prior to behavioural testing. To briefly 
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illustrate, animals were initially placed in the holding area of the apparatus, after 1 minute, 

the central arm door opened, and the animal shuttled through to the object area. Animals 

were presented with a pair of identical object for 2 minutes and after that the side arm doors 

opened and the animals returned to the holding area for 1 minute. During this time, the 

experimenter swapped the objects to prepare for the test phase. The central door opened 

again, and the animals returned to the object arena to explore a pair of objects, in which one 

object was a copy of the familiar object presented during the sample phase, and a novel 

object. The animal was given 2 minutes to explore the objects before the side arm doors 

opened and the animals returned to the holding area once more. This procedure was repeated 

until the end of the 8-trial testing session (see figure 7.2).  

7.8.4.2 Experiment 4: 0.1mg/kg MK-801 object recognition at long-delay (24-hours) 

This experiment aimed to further investigate the state-dependent effects on 

recognition memory in mice by replicating the MK-SAL and MK-MK group in experiment 

1 with a higher dose (0.1mg/kg) of MK-801. As in experiment 2, the animals (N=16) in the 

current experiment received an 8-trial spontaneous object recognition testing session with a 

24-hour retention delay between acquisition and retrieval phases. All animals received i.p 

injection of the drug (0.1mg/kg MK-801) 30 minutes prior to the sample phase and an 

administration of either drug or saline 30 minutes prior to test. The testing protocol of this 

experiment was detailed in chapter 6, section 6.3.6.   

7.9 Results 

7.9.1 Experiment 3: 0.1mg/kg MK-801 object recognition at short delay (1-minute) 

In order to determine if the performance of the drug group was significantly different 

from the saline/control group, independent samples t-tests were conducted on group D1 and 

updated D2 scores. Results found that performance of both groups were not significantly 

different from each other D1: t(14) = 1.03, p = 0.32; Updated D2: t(14) = 0.79, p = 0.44 (see 
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figure 7.13 for graphical representation); which indicated that administration of 0.1mg/kg 

MK-801 prior to the testing session did not affect performance of mice in the spontaneous 

object recognition task at short (1-minute) inter-trial intervals.  

To investigate performance levels of individual groups, the D1 and D2 scores of the 

saline and MK-801 groups were analysed using one-sample t-tests against zero. It was found 

that performance of the saline group was above chance (D1 scores), t(7) = 3.61, p = 0.009; 

while the MK-801 group did not show the ability to discriminate between the novel and 

familiar objects at a short inter-trial interval, t(7) = 2.26, p = 0.058. Whereas when D2 ratios 

were analysed, it was revealed that performance of the saline group was above chance, t(7) 

= 3.01, p = 0.02; while the MK-801 group were unable to discriminate the novel from the 

familiar object at an immediate delay, t(7) = 2.14, p = 0.069 (see table 7.1).  

As in the previous experiment, the effect of MK-801 on exploration times at sample 

and test was analysed with an independent sample t-test between saline and drug group (see 

figure 7.14). The analysis found that administration of 0.1mg/kg of MK-801 did not 

influence time spent exploring objects in both the sample [t(14) = -0.1, p = 0.92] and test 

phases [t(14) = -0.91, p = 0.038]. However, analyses of distanced moved (cm) in the 

apparatus during sample and test (figure 7.15) revealed that mice injected with MK-801 

showed an increase in distance moved compared to saline controls during sample [t(14) = -

5.16, p < 0.001] and test [t(14) = -6.02, p < 0.001].  

As in the previous experiment, changes in performance levels between the saline and 

MK-801 groups were investigated by comparing blocks of performance across the testing 

session. Blocks were obtained by calculating the average of the first 2 trials and each 

consecutive pairs of trials to make up 4 blocks. An analysis of between (groups) and within 

(block) subjects ANOVA found no effect of block [F(1.66, 23.2) = 0.968, p = 0.379] and 

block*group [F(1.66, 23.2) = 0.389, p = 0.643]. These findings indicate that performance 



201 

 

levels of both groups were stable throughout the testing session and were not different from 

each other (see figure 7.16).  

  
Figure 7.13 representation of the performance of saline and MK-801 mice in the spontaneous 

object recognition task with a short (1-minute) ITI based on the left D1 scores and right D2 

ratio. Analysis of both measures found that systemic administration of MK-801 did not have 

an effect on short-term spontaneous object recognition memory.  

 

 
 

Figure 7.14 represents the mean total time spent (±SEM) exploring the pairs of objects 

presented during the sample and test phases by the saline and MK-801 mice.  The drug group 

did not show differential exploration times during both sample and test phases in comparison 

to the saline controls. 
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Figure 7.15 shows the distance travelled (±SEM) of drug and saline controls during the 

sample and test phases of the spontaneous object recognition task. Animals injected with 

MK-801 showed increased locomotion during sample and test compared to saline controls.  

 

 

 
Figure 7.16 is representative of the performance levels between the MK-801 group and saline 

controls across the testing session. Performance levels across the session remained relatively 

constant and both groups showed similar performance.  

 

 

  

0

200

400

600

800

1000

1200

Sample Test

D
is

ta
n

ce
 M

o
ve

d
 (

cm
)

Saline MK-801

-0.10

0.00

0.10

0.20

0.30

0.40

0.50

Trial 1 -2 Trial 3 - 4 Trial 5 - 6 Trial 7 - 8

D
is

cr
im

in
at

io
n

 R
at

io
 (

D
2

)

Saline MK-801



203 

 

7.9.2 Experiment 4: 0.1mg/kg MK-801 object recognition at long-delay (24-hours) 

As in the previous experiment, the effect of state-dependency was examined using 

an independent samples t-test on the mean D1 and D2 ratio of the MK/MK and MK/Sal 

group. The analysis found that performance of both groups were similar (figure 7.17), in 

both D1 [t(14) = -0.021, p = 0.983] and D2 ratio [t(14) = 0.141, p = 0.89]. This indicated 

that at a higher dose (0.1mg/kg), performance of both groups were impaired by the drug. 

To find out if individual groups show the ability to discriminate between the novel 

and familiar object at 24-hours, mean D1 and D2 ratio of both groups were analysed with a 

one-sample (two-tailed) t-test and the results found that both the MK/MK and MK/SAL 

group showed above chance performance [D1 MK/MK t(7) = 2.95, p = 0.021; D1 MK/SAL 

t(7) = 2.81, p = 0.026; D2 MK/MK t(7) = 3.16, p = 0.16; D2 MK/SAL t(7) = 3.13, p = 0.017]. 

Mice from both groups showed memory of the familiar objects by preferentially exploring 

the novel objects at test. 

To determine whether there was an effect of drug on the distance moved and total 

exploration times at exposure and test, independent samples t-test were used to compare the 

distance travelled and exploration times of the group that received MK-801 and Saline at 

test. It was found that both groups showed no difference in distance travelled during sample 

[t(14) = -0.729, p = 0.478] and test [t(14) = 1.60, p = 0.131] (figure 7.18). The analysis also 

found that the total exploration times (figure 7.19) of both groups at sample were different 

[t(14) = -2.17, p = 0.048] but not at test [t(14) = 0.287, p = 0.779].  

As in the previous experiment, changes in performance levels between the saline and 

MK-801 groups were investigated by comparing blocks of performance across the testing 

session. Blocks were obtained by calculating the average of the first 2 trials and each 

consecutive pairs of trials to make up 4 blocks. An analysis of between (groups) and within 

(block) subjects ANOVA found no effect of block [F(3, 42) = 0.307, p = 0.28] and 

block*group [F(3, 42) = 0.372, p = 0.118]. These findings indicate that performance levels 
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of both groups were stable throughout the testing session and were not different from each 

other (see figure 7.20).  
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Figure 7.17 represents performance (±SEM) of the MK-801 and saline group based on 

the left D1 scores and right D2 ratio. Both groups demonstrated similar performance levels 

between groups across the D1 scores and D2 ratio.  

 

 

 

 

 

 

 

 
Figure 7.18 represents the distance travelled (±SEM) within the object area of the 

continual trials apparatus for both saline and drug group in the sample and test phase. 

Groups showed similar distance travelled during the test phase, which indicated that the 

administration of MK-801 at test did not affect the distance travelled within the apparatus.  
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Figure 7.19 represents the total exploration times (±SEM) of saline and drug group at 

sample and test. The drug group spent a significantly less time exploring the pairs of 

objects in the sample phase compared to saline group; however both groups showed 

similar exploration levels at test.  

 

 
Figure 7.20 shows the changes in performance levels of drug and saline groups across the 

test phase. Changes in performance levels were examined by comparing blocks of 

performance across the session between drug and saline group. The results found that 

performance levels of drug and saline group were not different from each other and 

showed consistent performance throughout the testing session.  
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Experiment Group D1 D2 Total Exploration Times (sec) Distance travelled (cm) N 

Sample  Test Sample Test 

1 SAL 8.64*** 0.31*** 31.39 27.88 819.44 715.55 8 

 SAL + MK 5.95** 0.23** 29.86 27.35 808.86 629.59 8 

 MK + SAL 4.27** 0.18** 27.60 22.84 848.90 669.08 8 

 MK + MK 9.26** 0.33** 27.91 29.08 846.33 584.73 8 

2 SAL 3.21*** 0.17*** 18.70 18.17 803.69 696.59 16 

 MK + MK 3.51*** 0.19*** 19.86 19.53 1192.97 927.32 16 

3 SAL 7.55** 0.28* 13.64 19.35 593.80 576.61 8 

 MK-801 4.56 0.18 13.84 22.82 894.72 919.82 8 

4 MK + SAL 3.71* 0.19* 10.81 18.44 1135.61 704.39 8 

 MK + MK  3.67* 0.20* 7.16 19.33 1062.01 845.60 8 

Table 7.1 provides a summary of the findings and results of all experiments from the current study which assessed the effects of MK-801 administration on 

long-term and short-term memory in the multiple trials version of the spontaneous object recognition task. Behavioural parameters such as the total exploration 

times (sec), the distance travelled (cm) and the number of animals (N) used in all experimental groups. Experimental group performance of the spontaneous 

object recognition task was represented by the difference between novel and familiar object exploration (D1) and the discrimination ratio (D2), ***p < 0.001, 

**p < 0.01, *p < 0.05 
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Group 

Trial number 

1 2 3 4 5 6 7 8 

Experiment 1 SAL/SAL 0.23 0.018 0.22 0.30 0.27 0.46 0.22 0.45 

 SAL/MK 0.06 -0.17 0.14 0.11 0.23 0.51 0.26 0.45 

 MK/SAL 0.03 0.08 0.22 0.16 0.27 0.22 0.09 0.25 

 MK/MK 0.05 0.11 0.11 0.31 0.52 0.41 0.20 0.43 

Experiment 2 SAL/SAL 0.03 0.07 0.42 0.11 0.04 0.10 0.11 0.12 

 MK/MK 0.02 0.02 0.36 0.16 0.05 0.09 0.26 0.17 

Experiment 3 SAL 0.24 0.44 0.40 0.18 0.11 0.17 0.28 0.06 

 MK-801 0.13 0.10 0.18 0.26 -0.06 0.30 0.28 -0.23 

Experiment 4 MK/SAL 0.07 0.02 0.05 0.30 -0.06 0.29 0.13 0.33 

 MK/MK -0.05 0.40 0.15 0.08 -0.01 0.05 0.24 0.03 

Table 7.2 details the object recognition memory (averaged D2 scores) of mice within the testing session of experiment 1, 

2, 3 and 4 of the present study. 
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7.10 General Discussion 

The aim of the current study in this thesis was to investigate the effects of the NMDA 

receptor blockade on recognition memory in mice. To achieve this, a series of experiments 

were conducted to assess the effects of an NMDA antagonist MK-801 administered either 

prior to exposure or test in a novel approach to assessing object recognition memory. 

Experiment 1 used a state-dependent design to assess the effects of 0.01mg/kg MK-801 in 

performance of mice in the multiple trials spontaneous object recognition task with a 24-

hour (long-term) retention delay; Experiment 2 examined if state-dependent memory that 

was found in the lower (0.01mg/kg) dose could be replicated in a higher dose (0.1mg/kg) of 

the drug in the object recognition task with a long-term delay; Experiment 3 investigated the 

effects of 0.1mg/kg MK-801 on immediate memory mice in the object recognition task. 

Finally, Experiment 4 examined the effects of 0.1mg/kg MK-801 on the performance of 

mice when animals were administered the drug pre-exposure and received either saline or 

the drug at test.  

This study found that at a low dose (0.01mg/kg), administration of MK-801 at pre-

exposure but not pre-test impaired long-term object recognition memory in mice, however 

the effect of MK-801 injection at exposure was reversed when mice were injected with MK-

801 again during test, suggesting state-dependent effect on recognition memory. These 

findings conflict with results from previous studies (de Lima et al., 2005; van der Staay et 

al., 2011; King et al., 2004) of MK-801 which reported that object recognition performance 

was impaired when the drug was administered prior to the exposure phase, suggesting that 

MK-801 impacts memory at the encoding stage, but not during consolidation or retrieval. 

Also, when mice were given a low and higher dose (0.01 and 0.1mg/kg) MK-801 prior to 

exposure, and then prior to test (state-dependent controls), the animals performance levels 

were similar to saline controls. The state-dependent effect found in this study using the low 

dose (0.01mg/kg) of MK-801 conflicted the findings of Harrod et al., (2001) which found 
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little evidence of state-dependent learning in a passive avoidance task at a dose of 0.05mg/kg. 

State-dependent memory found at the higher dose (0.1mg/kg) of the drug was confirmed the 

findings of Harrod et al., (2001). State-dependent memory is implicated in memory retention 

when animals that were injected with either MK-801 or saline prior to exposure and test 

demonstrated intact recognition memory; whereas mice that have initially been given the 

drug during pre-exposure then saline at test showed impairment in task performance. Harrod 

et al., (2001) suggested that the internal state during acquisition is discriminable under the 

influence of MK-801, and that administration of the drug at test would reproduce identical 

internal cues which in turn drives animal performance.  

When object recognition memory was assessed at short (1-minute) intervals, mice 

that were given 0.1mg/kg MK-801 prior to the testing session were not impaired relative to 

saline controls, showing that the drug had no effect on immediate object recognition 

memory. There was, however, an effect of drug, with the MK-801 group showing increased 

levels of distance travelled during the task. Previous studies have found that administration 

of higher doses of MK-801 induced increased locomotor activity in animals (Amalric et al., 

1994; Mele et al., 1994; Hargraves and Cain, 1992). Although the current study found that 

the group that were given MK-801 pre-exposure and saline at test were impaired relative to 

state-dependent controls (drug-drug group) at a lower dose, this effect was not found in the 

experiment that used a higher (0.1mg/kg) dose of the drug. This suggested that at a higher 

dose, there was little evidence of state-dependent learning, which conflicts the findings of 

experiment 2. The lack of state-dependent effect on memory may be attributed to 

impairments in the task at higher doses of MK-801. In a study by Nakagawa and Iwasaki 

(1996), using a 2x2 state-dependent learning design, when animals were given a higher dose 

of MK-801, they found that the drug impaired performance of mice that received MK-801 

at pre-exposure and the state-dependent control (MK-MK) group. Also, the conflicting 

findings from experiment 2 may be caused by differences in experience levels of the animals, 
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whereby most of the animals from experiment 2 had prior drug experience from the 

spontaneous tasks at experiment 1, whereas mice from experiment 4 were completely drug 

naïve. Furthermore, both groups showed evidence of similar levels of locomotor activity, 

which suggests either there was no effect of drug, or prior administration of MK-801 pre-

exposure affected animal behaviour at test, irrespective of whether animals received saline 

or the drug. The conflicting findings in the present chapter between experiment 2 and 

experiment 4 on the presence of state-dependency effect on memory may be rectified by 

testing naïve mice with on the dose dependent (0.01 and 0.1mg/kg) effects of MK-801 using 

the 2x2 design in the spontaneous object recognition task.  

To conclude, the present chapter presented a novel evidence of state-dependent 

learning with the NMDA receptor antagonist MK-801 in the spontaneous object recognition 

task. Previous research on the effect of MK-801 on state-dependency learning have been 

conducted in passive avoidance (Harrod et al., 2001; Nakagawa and Iwasaki, 1996) and fear 

conditioning (Baker and Azorlosa, 1996). The novel multiple trials method of testing 

spontaneous object recognition used in the present study provided a refined method to assess 

recognition memory. The running of multiple trials reduced within animal variance over 

time, and this is crucial because drug studies often have higher variability. The results of the 

present chapter showed when controlled for state-dependency, the administration of MK-

801 prior to the exposure phase did no impair the encoding of long-term object recognition 

memory, but suggests that state-dependency may play a role in the process of recognition 

memory retrieval. The findings show, that internal cue states which occurred as a result of a 

drug, may affect the recall of the memory.  
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Chapter 8 

General discussion 

 

8.1 Introduction 

The primary objective of this thesis was to address methodological issues often found 

in spontaneous recognition tasks in mice, this was achieved by adapting an existing novel 

continual trials approach of examining spontaneous recognition task in mice. The second 

objective of this thesis was to further validate and generalise the novel continual trials 

approach in aging mice and a diseased mouse model. The third aim of the thesis was to apply 

the continual trials approach to investigate the effect of a pharmacological substance on 

recognition memory in mice. 

This chapter aims to give a summary of the findings, conclusions and to discuss the 

possibility of future work that were suggested by these findings that were presented in the 

thesis.  An overview of the main results is provided in section 8.2 followed by discussions 

of the implications and possible future work suggested by the broad findings presented in 

the thesis. Section 8.3 considers the implications of ageing on recognition memory in 

rodents. Section 8.4 examines the evidence presented for memory of objects and locations 

of objects in transgenic mouse models of Alzheimer’s disease. Section 8.5 briefly examines 

the findings of the involvement of NMDA receptors in recognition memory (chapter 7) and 

the implications of MK-801 induced deficits in recognition memory. Section 8.6 examines 

the implications of the novel continual trials approach to examining recognition tasks in 

mice. Finally, section 8.7 concludes the broad findings of the work, provides an outline, 

future direction and applications of the findings suggested in the thesis.  
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8.2 Summary of Results (impact of the continual trials on spontaneous tasks) 

The adaptation of the novel continual trials approach to assess recognition memory 

in mice was successful (as reported in chapter 3). Previously, this methodology was only 

utilised in rat studies (Ameen-Ali et al., 2012; Seel et al., 2017) and work presented in this 

thesis has shown that the continual trials approach of running spontaneous tasks is applicable 

to mice, as previously discussed in the introductory chapter (chapter 1), because of the 

behavioural differences between rats and mice (anxiety and stress levels, and erratic 

behaviour), it was unclear how mice would perform in the continual trials apparatus. Object 

recognition and object location memory were assessed using the continual trials method and 

performance levels of mice were found to be comparable to previous studies that assessed 

object recognition and location memory using the standard ‘one-trial’ approach (Sanderson 

et al., 2011; Davis et al., 2013). By running continual trials within a single session, within 

session variance were reduced, thus resulting in a more sensitive and refined task of 

spontaneous recognition. The method used in this thesis is similar to that of the Bow-tie 

maze (Albasser et al., 2010), but the compartmentalisation of the apparatus into separate 

object and holding arena with distinctive features allow for the examination of tasks 

involving spatial and contextual representations (Ameen-Ali et al., 2012; Seel et al., 2017).  

Furthermore, by increasing the number of trials within a single testing session, the increased 

reliability as a result of the approach, would in turn reduce the number of animals needed to 

produce findings with high statistical power. Using the continual trials approach, the study 

found that the number of mice used within spontaneous tasks may be reduced by a total of 

30%. The promising findings presented in study 1 (chapter 3) provides a potential 

application across the field of memory research and in industry, however, further research 

should be conducted on the transferability of the task to extend it to different strains of mice, 

such as aged or diseased models.  
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If the task is to be of widespread use, then there is a need to fully understand the 

effects of different situations that might be applied to testing in the apparatus. For example, 

ageing studies are an important component of understanding disease and ageing effects on 

memory, and the reduced behavioural noise and number of animals required by the current 

procedure has distinct advantages for studies that involve the long term holding of animals. 

However, it was possible that age would impact on the ability of animals to perform multiple 

consecutive trials, or that previous experience in the apparatus would interact with 

performance at different ages. However, the results from Chapter 4 show no such concerns, 

with animal performance unaffected by age or experience in terms of overall performance 

and in terms of overcoming the effects of interference arising from the reuse of objects. 

The prediction that an APP/PS1 (TASTPM) transgenic mouse model of Alzheimer’s 

Disease would show an age-related impairment of object recognition and object-location 

memory in the continual trials apparatus was not supported by the findings presented in 

Study 3 (reported in chapter 5). TASTPM mice that were tested at 7 and 10 months of age 

using the multiple trials approach of the spontaneous object recognition task did not show 

an age-related impairment. This was also true in the examination of object-location memory 

in 7 and 10 months old TASPM mice. Performance of TASTPM mice that were task naïve 

were similar to mice that had prior experience in the spontaneous object recognition and 

object location task.  

Based on previous findings by Sik et al., (2003), which found a delay-dependent effect on 

recognition memory, Study 4 predicted that mice would show a delay-dependent decline of 

recognition memory when using the continual trials approach to examine object recognition 

memory; this prediction was not supported by the findings reported in the study (Chapter 6). 

The continual trials methodology was adapted to enable the manipulation of longer delays. 

When mice were tested at 1-, 4- and 24-hour delays, performance levels at these delays were 

similar, suggesting an absence of delay-dependent decline in recognition memory.  
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Study 5 aimed to investigate the effects of NMDA receptor antagonist MK-801 on 

recognition memory. Using a traditional 2x2 state-dependent design, the study found that at 

low doses (0.01 mg/kg) of MK-801, state-dependency influenced retrieval of long-term 

object recognition memory and this finding was extended to a higher dose (0.1mg/kg) of the 

drug. Furthermore, administration of MK-801 had no adverse effects on immediate object 

recognition memory in mice.  

 

8.3 Recognition Memory in aged mice 

Study 2 provided evidence that mice showed no age-related impairments of object 

recognition and object location memory between 7 and 16 months of age using the continual 

trials methodology. This was supported by work done by Falhström et al., (2011) that 

investigated female C57BL6J female mice at 3, 8 and 28 months of age and found no 

evidence of age-dependent decline in performance in the object recognition task with an 

immediate (1-minute) delay between sample and test. Furthermore, research by Cavoy and 

Delaceur (1993) have shown that age-dependent decline in recognition memory does not 

occur at retention delays of 5 minutes. Studies investigating age-dependent changes in 

recognition memory at delays of over 15 minutes however, have found that ageing impaired 

recognition memory (Burke et al., 2012; Burke and Barnes, 2010; Falhström et al., 2011). 

Age-related impairments that are evident at longer delays may indicate deficits in 

consolidation of representation of memory which is widely debated (Dere et al., 2007); 

although Falhström and colleagues (2011) suggested that because object recognition tests 

are driven by exploratory behaviour, the sharp decline of exploratory drive in older mice 

may contribute to the age-dependent decline of object recognition performance.  

The findings in chapter 4 has shown little possible interference caused by object set 

reuse was investigated at 14 month old mice. When a set of objects that were used in the 

object recognition memory task was reused in the object location task, interference from the 
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old memories formed during the object recognition task may interfere with the encoding and 

retrieval of the object location task. To reduce the possible interference levels resulting from 

the reuse of object sets, the object location task 7 days after the object recognition task; 

however, because memory of an object have been found to last for up to weeks, interference 

may affect performance levels of the object location task. Furthermore, interference 

disproportionately affects older populations of monkeys and rats (Moss, Rosene and Peters, 

1988; Dunnett et al., 1997). In a human study by Lustig and colleagues (2001), they 

presented young and old adults with a span task that was either standard format or designed 

to reduce interference, and found that performance of the span task was influenced by 

interference and the age difference in performance was a result of the ability to overcome 

interference. Possible future work may investigate the increasing interference levels of 

ageing mice using the continual trials approach.  

The study presented in chapter 4 utilized a longitudinal design, which has significant 

advantages, including teasing out progressive behavioural changes of a group of animals 

(Markowska and Savonenko, 2002; Joyal et al., 2000) and prior experience on behavioural 

performance (Dellu et al., 1997). Furthermore, the longitudinal design used in the 

experiment and resulting increased experience of the mice more closely resemble the 

experiences of the human population. Future work could further extend the age range to 

examine age-related changes in cognition and memory of a group of mice (3 months to 22 

months of age), the extension of the age-range would provide a comprehensive picture of 

age-related changes in recognition memory in mice. Although mice show a decrease in 

memory that resembles changes within the ageing human population (Jucker et al., 1994), 

mice do not develop neurogenerative diseases such as Alzheimer’s disease (Vanhooren and 

Libert, 2013). The following section discusses the implications of findings of study 3 and 

suggests possible future work.  
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8.4 Recognition memory in transgenic models of Alzheimer’s disease 

Following the successful validation of the continual trial approach in aged mice, this 

approach was further used to evaluate recognition memory in a transgenic model of 

Alzheimer’s disease. Based on the findings presented in the thesis (chapter 5), the TASTPM 

(APP/PS1) mouse model of Alzheimer’s disease showed no evidence of age-related decline 

of object recognition and object location memory. Previous literature examining recognition 

memory in TASTPM mice yielded conflicting findings (Howlett et al., 2004; Scullion et al., 

2011), which may be a result of procedural differences and differences in experience levels. 

Howlett et al., (2004) tested naïve TASTPM mice, whereas Scullion and colleagues (2011) 

tested a single group of TASTPM mice at different age points. The work presented in this 

thesis on the memory of object location is a novel contribution to the cognition of TASTPM 

mice. Previous research on the spatial memory of TASPTM have focused on tasks of spatial 

alternation, Y-maze, and Morris water maze (Scullion et al., 2011). A downside to the work 

in Chapter 5 was that the study was absent of wildtype controls, as a result of this, it is 

unclear what the performance levels of TASTPM mice are relative to their littermate 

controls. Further work should aim to compare performance between TASTPM mice and 

littermate controls to tease out recognition memory impairments.  

One of the main symptom of Alzheimer’s disease is early episodic memory loss. 

Although considered a trait that is uniquely human (Tulving, 1983), recent work on birds 

(Clayton and Dickinson, 1998) and rats (Eacott and Norman, 2004) have revealed episodic-

like memory in animals. Davis and colleagues (2013) reported that when 3xTgAD mice were 

tested in the What-Where-Which test of episodic-like memory, performance of 3xTgAD 

mouse were impaired compared to wildtype controls. Further work should aim to develop 

the continual trials paradigm to enable investigations of episodic-like memory in transgenic 

mouse models of AD; because while interference had no impact on performance of 

TASTPM mice in the spontaneous object recognition and object location task, this inference 
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should not be made in tests of episodic-like memory. The following section discusses the 

implications of the findings of study 5 and possible future work to build on those findings.  

 

8.5 NMDA receptors in recognition memory 

Following successful validation of the continual trials approach to testing recognition 

memory in normal and diseased mouse models, the paradigm was adapted to enable the 

manipulation of retention delays. The development of the behavioural paradigm to include 

longer retention delays allowed for the study of the effects of pharmacological substances 

on recognition memory.  

The role of NMDA receptors in learning and memory have been widely studied, it 

was initially thought that NMDA receptors are involved in spatial and contextual 

representations that were hippocampal dependent, studies very quickly showed that the 

NMDA receptors were more general and implicated neural structures and behavioural assays 

(Robbins and Murphy, 2006), especially in learning and memory processes of encoding (for 

review see Riedel et al., 2003). Recently, studies have shown the role that NMDA receptors 

play in recognition memory (Winters and Bussey, 2005; Barker et al., 2006; King et al., 

2004; Nilsson et al., 2007; de Lima et al., 2005; Pitsikas et al., 2006; van der Staay et al., 

2011) using competitive and non-competitive NMDA receptor antagonists (AP5 and MK-

801 respectively.  

As discussed in section 8.2, work presented in chapter 7 (study 5) demonstrated that 

when state-dependency was controlled for, the administration of (0.01 and 0.1mg/kg) of 

MK-801 did not impair encoding, but the expression of memory was dependent on the state 

of the animal during the administration of the drug during sample and test, suggesting a state-

dependent effect on memory. Findings from previous studies investigating the effects of 

MK-801 on recognition memory performance reported memory impairment when the drug 
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was given prior to encoding (de Lima et al., 2005; King et al., 2004; van der Staay et al., 

2011) was not supported in the findings of study 5, the findings presented in this thesis found 

that the effects of the MK-801 was reversed when the drug was administered again at test, 

suggesting a state-dependent effect of memory. This study made a significant contribution 

to the investigations of the effects of MK-801 on recognition memory by being the first study 

that demonstrated state-dependent memory in the object recognition task using the drug. 

Despite this, there were shortcomings in the study which produced results that were unclear 

(chapter 7, study 5, experiment 4) that could be rectified by further work investigating the 

dose-dependent (0.01 and 0.1 mg/kg) effect of MK-801 in naïve mice using the 2x2 state-

dependent design of the spontaneous object recognition task.  

 

8.6 The continual trials approach to running recognition tasks 

This thesis primarily sought to address the methodological issues often associated 

with spontaneous tasks of recognition memory in mice, such as increased behavioural 

variability compared to rats, and to adapt an existing continual trials paradigm that was 

initially developed to run recognition task in rats to test recognition memory in mice. The 

application of continual trials methodology in studies involving rats has been shown to be 

highly sensitive and a more reliable alternative to the ‘standard’ one-trial a day spontaneous 

object recognition task and its variants (Ameen-Ali et al., 2012; Seel et al., 2017). The 

findings reported in study 1 (reported in chapter 3) of this thesis have shown successful 

validation of the mouse version of the continual trials methodology in the spontaneous object 

recognition task and a more complex variant of object recognition: the object location task 

(Eacott and Norman, 2004; Langston and Wood, 2010; Davis et al., 2013).  

Following the successful development and validation of the mouse version of the 

continual trials approach to assessing recognition memory in mice, the secondary aim of this 

thesis was to further examine whether the methodology was generalisable to different 
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research areas or strains of mice, such as: ageing or diseased models. This objective was 

accomplished by the investigation age-related changes of C57BL6J mice in the spontaneous 

object recognition and object location task using the continual trials paradigm (Study 2; 

reported in chapter 4); and the examination of age-related changes of object recognition and 

object location memory of a transgenic mouse model of Alzheimer’s disease: TASTPM mice 

(study 3, reported in chapter 5).  

The third aim of the thesis was to extend the application of the mouse version of the 

continual trials approach to running spontaneous tasks to test pharmacological substances. 

To achieve this, the behavioural paradigm of the continual trials apparatus was adapted to 

incorporate longer retention delays (study 4, reported in chapter 6); instead of running 

sample and test phases in sequential orders in a single testing session (i.e. sample trial 1, test 

trial 1, sample trial 2, test trial 2), the adapted methodology consisted of two testing sessions 

in which the sample trials were presented in the first testing session and test trials in the 

second testing session. This separation of the sample and test phases into two blocks enabled 

easier manipulation of retention delays. Following the successful adaptation of the continual 

trials apparatus to test longer retention delays, the next step was to examine the effects of 

pharmacological substances on recognition memory. Study 5 (chapter 7) examined the 

effects of NMDA receptor blockade by the MK-801 antagonist on object recognition 

memory using the continual trials approach.  

The continual trials methodology allows for multiple trials to be run per animal, 

which increases task reliability by limiting the day-to-day behavioural variability of mice. 

Also, the handling of mice was vastly reduced in the continual trial task, with animals being 

handled only twice throughout a single testing session (once at the start and once more at the 

end of the session). The reduction of handling by experimenters would in turn reduce the 

amount of stress and this enables the animal to display true recognition abilities (Ameen-Ali 

et al., 2012; Hurst and West, 2010). As a result of the reduction of handling, day to day 
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behavioural variabilities, and the increased trial number within the session, the continual 

trials approach to running spontaneous tasks is much more reliable and refined.  

In standard spontaneous object recognition tasks, an animal typically receives several 

bouts of handling by the experimenter: two bouts at sample and two at test (when the animal 

is placed into the open field and taken out of the open field at sample and test respectively), 

totalling to 4 handling bouts per trial. This demonstrates that, across an 8-trial session, which 

was the lowest number of trials used in studies reported in the present thesis (Chapter 6 and 

Chapter 7), an animal would receive 32 bouts of handling by the experimenter.  

It is crucial to note that the experimenters’ handling method may affect an animals’ 

level of anxiety.  If the experimenter uses handling methods that induce higher levels of 

anxiety, this may in turn affect the animals’ behavioural response. Because the object 

recognition task is reliant on an animals’ spontaneous behaviour and propensity to novelty, 

increased anxiety may induce behaviour that may mask recognition memory of the animal 

(Yuan et al., 2009). In a paper by Hurst & West (2010), they demonstrated that different 

types of handling methods affected voluntary interaction of mice with the experimenter. 

They found that mice engaged in more voluntary interaction with the experimenter when the 

animals were handled using the ‘tunnel’ (where mice voluntarily walked into a tunnel) and 

the ‘cup’ (where the experimenters loosely cup their hands around the mouse for 30s) 

method compared to animals that were handled with the more traditional ‘tail’ method 

(where the mice are picked up by their tails).  

In contrast to the standard spontaneous object recognition tasks, the experimenters 

are not required to handle the animals as much in the continual trials approach. Because the 

trials are conducted within a session (interleaved sample and phases; see chapter 3, 4 and 5), 

an animal would only be handled twice, once at the beginning of the session and once at the 

end of the session. Even when the session is split between blocks of sample and test phases 

(see Chapter 6 and 7), animals receives a maximum of 4 bouts of handling: twice during the 



222 

 

sample phase and two times more during the test phase.  The introduction of the continual 

trials approach resulted in the massive reduction of handling that the animals receives.  

Thus, performance of mice in the continual trials approach is not as susceptible to 

possible poor handling by experimenter compared to the standard version of the spontaneous 

object recognition task. with its reduced number of handling. Also, the variability 

exacerbated by poor (or problematic) handling is diminished by the reduction of handling in 

the continual trials approach – increased refinement and reliability of the task.  

In addition, as shown by findings presented in this thesis (Study 1, Chapter 2) by 

increasing the number of trials within a single testing session, a 30% reduction of mice 

number typically used in spontaneous object recognition and object location tasks was 

achieved whilst maintaining substantial statistical power compared to previous studies 

(Sanderson et al., 2011; Davis et al., 2013; see table 3.3 for further details). Although this is 

true in study 2, one should be aware that consideration should be placed when aiming to 

reduce the number of subjects used in experiments involving diseased mice and 

pharmacological substances. This is because, apart from within animal behavioural 

variability, one has to consider the increased between animal variability, which could be 

reduced with a larger sample, and this is especially true for diseased mouse models. For 

example, in research investigating variability within the ageing population, with some 

studies reporting that performance of some older adults being comparable to the younger 

population, creating a bimodal distribution of performance in the older population (Rapp and 

Amaral, 1992; Hedden and Park, 2003).  

Whilst the main effect sizes (chapter 3) are comparable to previous studies using the 

object recognition and object location task, it is unclear whether the same conclusions can 

be drawn from the findings of chapter 4 and 5 examining the effects of experience on 

performance in the object recognition and object location. The population of the naïve 

groups (N = 4) in both chapter 4 and 5, was derived from older 10 month old C57ML/6J 
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mice and the TASTPM mouse model, and as mentioned above, the animals would naturally 

have a higher variability in their spontaneous behaviour. Hence, having a small sample size 

of 4 in the naïve group compared against an experienced group with a larger sample size, 

renders it difficult to draw any firm conclusion due to the unequal effect sizes between both 

groups.  

The effects of sex differences on object recognition and object location memory was not 

evaluated in this thesis. Similar to the effects of experience, this is due to the small sample 

sizes of males and females at the end of the studies (see chapter 4 and 5), thus any effects 

that may be found might not be conclusive in part due to the small effect sizes of the group. 

This may be further exacerbated due to the age and the transgenic strain of the mouse model 

used in the studies.  

The use of the continual trial apparatus to assess recognition memory in mice has 

enabled investigations into the changes of performance levels during a single testing session 

(proactive interference) and between testing sessions. Proactive interference often occurs 

when memory load is taxed as a result of previous memory interfering with the ability to 

form new memories (Still, 1969; Lustig et al., 2001). The findings presented in this thesis 

have provided little evidence of proactive interference influencing the performance levels of 

mice during an 8-, 12- and 16-trial testing session. Furthermore, the use of the continual 

trials method allows the investigations of neurological pathways and its effects on 

interference (Seel et al., 2017). As discussed above (section 8.3), there was little evidence of 

possible interference between the testing sessions caused by reuse of objects.  

The current continual trial apparatus consisted of only one available context; therefore, it 

was not possible to investigate experiments which required contextual change during the 

experiment. A potential improvement to the continual trial apparatus could include the 

introduction of different contexts to develop tasks of object-context (what-which), location-
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context (Where-which) and recollection based memory tasks such as the investigation of 

episodic-like memory (What-where-which) in mice (Easton et al., 2010).  

 

8.7 Conclusion 

In conclusion, the work presented in this thesis primarily addressed the 

methodological issues often associated with recognition tasks in mice. As discussed above, 

the continual trials approach has been validated and applied in several different areas of 

research which involve the use of the spontaneous object recognition and its variants, such 

as gerontology, Alzheimer’s disease and pharmacological research. The findings in this 

thesis shows the potential of the continual trials approach in the field of neuroscience and in 

industry. Further work on the continual trials apparatus is currently ongoing, such as the 

developing an automated version of the continual trials task in collaboration with an 

industrial partner.  
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