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ABSTRACT 

        This study provides a behavioral characterization of the TgCRND8 mouse strain, 

an APP (double-mutant) transgenic model of Alzheimer's disease (AD). While past 

research focused mainly on 2-5 month-old TgCRND8 mice,  this study used an older age 

cohort (8-9 months old), in addition to a 4 month-old cohort of both transgenic and wild-

type female mice. Performance was assessed using three behavioral measures: touch 

escape, the Barnes maze, and an open-field test. No differences in irritability were found 

between Tg and control mice in the younger cohort; however, older Tg mice displayed 

significantly higher irritability compared to wildtype littermates, as measured by the 

touch escape test.  Both younger and older transgenic mice displayed poor spatial 

learning in the Barnes maze task compared to their wildtype littermates, as demonstrated 

by significantly longer latencies and more errors both during acquisition and at 2-week 

retest. Additionally, Tg mice of both cohorts showed increased long-term (60 min) 

locomotion in the open-field test. 
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Introduction 

Alzheimer's disease (AD) is a progressively degenerative and debilitating brain 

disease whose name is sadly salient to an ever-growing and aging population. The 

worldwide prevalence is estimated to be 35 million individuals (5.5 million in the US 

alone) and this number is expected to more than double in the next 40 years (Querfurth & 

LaFerla, 2010). There are two types of the disease: familial and sporadic. Familial AD 

has an early-onset (before age 65) and is genetically inherited (via autosomal dominant 

gene mutation). It is by far the less common form of the disease, accounting for about 4-

5% of all cases. The more common form, sporadic Alzheimer's, typically occurs after age 

65 (late-onset) and, while it has also been associated with certain genetic risk factors (e.g. 

inheritance of the Apolioprotein E ε4 allele; Blennow et al., 2004), a purely genetic link 

has not been found (see Knopman & Selnes, 2003 for review). 

Characteristics of the Disorder 

 The disorder has four stages (pre, early, moderate, and advanced dementia) and is 

characterized by progressive cognitive and functional impairment in areas like problem 

solving, orientation/spatial navigation, attention, language, perceptual skills and memory 

(see Knopman & Selnes, 2003 for a review). The hallmark pathological features are 

dense cerebral amyloid-beta  (Aβ) plaques and neurofibrillary tangles (composed of tau 

protein) in the medial-temporal lobe. Other features commonly seen include oxidative 

damage, neuron and white matter loss, and inflammation (see Querfurth & LaFerla, 2010 
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for a review). While clinical diagnostic criteria are available to assist physicians in 

making probable diagnoses, the disease currently can only be definitively confirmed after 

death via microscopy of the brain (Blennow et al., 2004); however, recent medical 

research developments, like the PiB PET (in vivo imaging of amyloid-beta using a tracer 

which binds to plaques), may open up future diagnostic possibilities for those still living 

(Ikonomovic et al., 2008). In addition, several studies have provided evidence for early 

diagnosis using biomarkers from the cerebrospinal fluid (Blennow et al., 2010). 
 
Amyloid-beta and APP 
 
 Amyloid-beta (Aβ) is a 36-43 amino acid peptide created by the proteolysis of 

amyloid precursor protein (APP). APP is an integral membrane protein (i.e. a protein that 

is part of the biological membrane of a cell), which varies in size from 695-770 amino 

acids; APP695 is the most common form found in the brain. Aβ is produced through the 

sequential cleavage of APP by β-secretase (at the N-terminus) and γ–secretase (at the C-

terminus) (for review, see Mattson, 2004). Genes responsible for the production of APP 

in humans are located on Chromosome 21, and differences in these genes have been 

linked to increased risk of developing AD and dementia (Blennow et al., 2006). The 

senile plaques seen in Alzheimer's are abnormal aggregations of extracellular, fibrillar 

amyloid-beta, which is associated with the activation of microglial cells and astrocytes; 

these abnormalities and activations can disturb calcium regulation and produce toxins and 

pro-inflammatory cytokines, resulting in synaptic dysfunction and neuronal death 

(Mattson, 2004). Additionally, it has been found that the oligomeric Aβ1-42 peptide 

(soluble, both intracellular and extracellular) inhibits synaptic transmission via a variety 



3 
 

 

of molecular mechanisms, and may be responsible for the early symptoms of AD’s 

pathophysiology (Mattson, 2004). This is supported by research showing that oligomer 

levels, and not total plaque burden, are correlated with the severity of cognitive 

impairments observed in AD (Lue et al., 1999). 

 Most notably, the functional biological roles of APP and amyloid-beta are not 

well-understood. Limited research has implicated the involvement of APP in  processes 

such as long-term potentiation, neural plasticity, synapse formation and repair, cell 

signaling and cell adhesion (Priller et al., 2006; Turner et al., 2003; Zheng & Koo, 2006). 

Interestingly, in animal models, both APP-knockout mice and APP-upregulated mice 

show impairments in learning and memory (Phinney et al., 1999; Matsuyama et al., 

2007). 

Transgenic mouse models of AD 

 Several murine strains have been developed which overproduce Aβ1-42 and/or 

Aβ1-40 and mimic many of the behavioral and physiological aspects of AD. Transgenic 

AD mice develop plaques that are structurally similar to those observed in humans; they 

start as diffuse plaques comprised of Aβ1-42, which then develop dense cores. Later, 

these plaques will incorporate Aβ1-40 and other non-Aβ components. Aβ1-42 is more 

neurotoxic and prone to aggregation compared to the Aβ1-40 form. (see Morrissette et 

al., 2009 for review). 

 Transgenic animal models have helped to produce a better understanding of the 

etiology and treatment of the disorder. For example, studies using the Tg2576 strain 

highlighted the relationship between elevated levels of the Aβ1-42 peptide and 

accelerated plaque formation. Tg AD mice show cognitive deficits of learning and 
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memory in a variety of behavioral tasks, yet they do not exhibit significant neuronal loss 

(as is seen in human AD). Additionally, it has been observed that the cognitive deficits 

displayed by Tg AD mice occur before the development of extracellular plaques – this 

led to further research indicating that cognitive decline is proportionally related to levels 

of soluble oligomeric Aβ1-species, and not plaque burden. It has also been shown that 

intraneuronal Aβ1-42 and Aβ1-40 accumulation impairs long-term potentiation in an 

age-dependent fashion, and this synaptic dysfunction is also positively correlated with 

levels of the soluble oligomeric Aβ-species (see Morrissette et al., 2009 for review). 

Use of TgCRND8 mice to examine the disease 
 

The TgCRND8 murine model of AD was developed by Dr. Westaway and his 

colleagues (University of Toronto), and exhibits the early-onset, familial form of the 

disease. TgCRND8 mice were created by inserting a human APP695 transgene [with the 

Swedish (K670N/M671L) and Indiana (V717F) mutations, specifically], into a hybrid 

C3H/HeJ-C57BL/6 (i.e., wildtype) strain background (Chishti et al., 2001). This strain 

has recently been used to better understand AD characteristics and to develop possible 

treatments. TgCRND8 mice lack neurofibrillary tangles, but portray significant cerebral 

amyloid-beta plaque deposition by 3 months of age, high levels of the Aβ1-42 peptide, as 

well as spatial memory and learning deficits (Chishti et al., 2001). This early age of 

plaque onset is unique in this transgenic line, as other Tg lines (e.g., Tg2576, PDAPP) do 

not display plaques until at least 6-9 months of age; this is a benefit to researchers who 

wish to conduct studies in shorter time frames  (Chishti et al., 2001). Additionally, this 

AD model shows adrenocortical hyperactivity (Touma et al., 2004). 
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TgCRND8 mice also exhibit altered activity patterns and spontaneous stereotypic 

behavior, such as jumping and circling (Ambrée et al., 2006; Richter et al., 2008). These 

behaviors are thought to mimic the noncognitive deficits seen in humans with AD, like 

sundowning (a syndrome involving the occurrence/increase of abnormal behaviors during 

late afternoon through night-time, which may be related to a disturbed circadian rhythm), 

restlessness and wandering. Research concerning working memory and spatial learning in 

these mice has revealed a deficit (compared to wildtype littermates) in tasks such as: the 

Morris-Water Maze (Janus, 2004), the six-arm radial water maze (Lovasic et al., 2005), 

and the Barnes maze (Ambrée et al., 2009; Görtz et al., 2008; Richter et al., 2008), as 

demonstrated by longer escape latencies and higher error rates. Both Ambrée et al. (2009) 

and Richter et al. (2008) tested 4-month-old male TgCRND8 mice in the Barnes maze 

task over 5 days of trials (2 trials/day) and found a deficit in spatial memory compared to 

age-matched controls. Using the same Barnes maze procedure, Görtz et al. (2008) 

evaluated the performance of female transgenic mice (also 4-month-olds at testing) who, 

similar to their male counterparts, exhibited deteriorated spatial memory as shown by 

longer escape latencies and higher error rates  (compared to controls).  

 Although most of these studies have focused on mice 2-5 months of age, there are 

a few other behavioral studies using older animals, but none measured spatial learning in 

the Barnes maze task. Janus et al. (2004) tested 11-month-old TgCRND8 mice in an 

associative learning task (conditioned taste aversion) and found that Tg mice showed 

significant impairment compared to the control. Bellucci et al. (2006) tested a small 

group (n=8) of 2-month-old and 7-month-old TgCRND8 mice in the step-down 

inhibitory avoidance task; additionally, these mice were evaluated for differences
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 (compared to age-matched controls) in motility, motor coordination and exploratory 

behavior. There were no differences found between 2-month old Tg mice (pre-plaque) 

and controls; however, the 7-month-old Tg mice showed cognitive impairment in 

learning the step-down task compared to controls. No differences were found for either 

Tg age-cohort (compared to controls) in measures of motor coordination (as measured by 

the rotorod), motility or exploratory behavior (as measured by the hole-board test).  

 Chauhan et al. (2007) also used 2-month and 7-month-old TgCRND8 mice in 

their dietary study concerning the possible benefits of garlic extract on AD symptoms. 

These mice (and age-matched controls) were evaluated for spatial learning as 

demonstrated by performance in the Morris-water maze task (there are concerns 

regarding this spatial learning task in mice, as discussed in the next section). Both 2-

month and 7-month-old Tg mice exhibited deficits in spatial learning (compared to 

controls), as demonstrated by longer escape latencies and higher error rates. In the 2-

month-old cohort, this deficit was “subtle” and the authors do not say whether it 

produced a significant effect; however, in the 7-month-old cohort, the deficit was quite 

pronounced.   

Present Study 

The rationale for the present study was to extend the behavioral characterization 

of TgCRND8 mice model of AD by examining a wider range of ages (up to 8-9-month-

olds) and a new behavioral task (touch escape). The use of older TgCRND8 mice 

represents an advantage for defining specific late stages of amyloidogenesis. 

 The present experiment investigated the learning and behavior of two age cohorts 

(4-month and 8-9-month-olds) of TgCRND8 female mice and their wildtype littermates 
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(2 control groups), using three behavioral tests: touch escape, the Barnes maze, and an 

open-field test. Previous research (Filali et al., 2009) has indicated that APPSWE/PS1 

mice (another murine AD model) show an increased hypersensitivity to touch, but this 

has not been examined in the TgCRND8 strain. It should be noted, however, that one of 

the background mice strains upon which this transgenic strain is bred (C57BL/6) has 

been found to have increased touch escape scores compared to other wild-type strains 

(Rogers et al., 1999). 

The Barnes maze is a behavioral test of hippocampal-dependent spatial reference 

memory and measures a rodent's ability to learn visual cues to successfully navigate its 

way off a brightly-lit platform into a dark escape box (Barnes, 1979). It was originally 

developed and used for rats, but was later modified for mice as a non-aquatic alternative 

to the Morris Water-Maze (MWM). The advantages of the Barnes maze task compared to 

the MWM are twofold: First, the water-maze uses a strong aversive stimuli (forced 

swimming) to motivate learning, which introduces a possible confounding of the latency 

data with stress and anxiety--the Barnes task uses only a weak aversive stimulus (bright 

light, open area), thus reducing stress and anxiety factors (Harrison et al., 2009). Second, 

the reduced mobility of mice versus rats in water mazes has been noted as a potential 

concern in the literature. While mice can obtain equally short latencies (if trained long 

enough) as rats in non-aquatic mazes, this is not the case for water mazes, where mice 

never achieve latencies as short as rats (Wishaw & Tomie, 1996). 

The open-field test is a simple task in which animals are allowed to explore the 

open arena of an activity box for a certain period of time. The movements of each mouse 

are recorded automatically using a laser-tracking system and can be computed as 
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measures of spontaneous, exploratory, habituated and anxiety-related behavioral 

activity. These are important variables to measure, as any differences found between 

groups can bias the results of the spatial learning (e.g. , Barnes maze) task. 

Materials & Methods 

 

 Animals. Tg and non-Tg CRND8 mice were bred by the Cell, Molecular and 

Animal Core Facility of the Alzheimer’s Disease Program Project (University of 

Missouri, Columbia). The breeders were obtained from Dr. David Westaway (University 

of Toronto). In total, 21 four-month-old (10 Tg animals and 11 non-Tg animals) and 29 

eight-month-old (13 Tg animals and 16 non-Tg animals) female mice were used. After 

weaning, animals were genotyped via DNA extraction from tail samples and PCR 

(Polymerase Chain Reaction) analysis. Mice were housed in groups of 2-4 per cage until 

the study started, and then animals were individually-housed. Mice were maintained on a 

12-hr light/dark cycle (time on at 6:00 AM) and given unrestricted access to food and 

water. Each mouse received a cotton pad and an environmental enrichment toy (small 

plastic house) and was observed for good health before, during and after testing. Mice 

were handled for seven days prior to the start of behavioral testing. Animals were tested 

during the first half of the light-cycle. All procedures were carried out in accordance with 

NIH guidelines and with permission from the University of Missouri Animal Care and 

Use Committee (protocol # 1741). All mice were tested in three tasks: touch escape, the 
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Barnes maze, and an open-field test. The experimenter conducting the behavioral testing 

was blind to the genotype of all mice until the completion of training and testing.  
 

Touch escape 

         Procedure 

 Prior to handling, all mice were evaluated for their 'irritability to touch' (Rogers 

et. al, 1999). Each mouse was removed from its home cage and placed on a table. The 

experimenter stroked the sides and back of the mouse (approaching from behind), starting 

near the front of the thorax and moving posteriorly, as if to catch it by the tail. Each 

mouse’s response was scored on a scale of 0-2, where 0 = no response, or freezing 

behavior, 1 = mild or moderate response, and 2 = vigorous, rapid escape.  

Barnes Maze 

         Apparatus 

 The maze consisted of a brightly lit, grey circular platform 75 cm in diameter. The 

platform was surrounded by a black wall (28 cm in height) to prevent mice from jumping 

off; it was elevated 56.5 cm above the floor by a stand. Twenty holes measuring 5 cm in 

diameter were evenly spaced around the perimeter (Fig. 1). A triangular black escape box 

(17.8 cm length x 5.1-10.2 cm wide x 7.0 cm high) containing a small ramp could be slid 

into place beneath any hole. The floor beneath the stand was covered with black fabric, 

and black curtains were hung above the maze 150 cm high from floor level. These 

curtains surrounded the apparatus to prevent the mice from using distal visual cues 

located outside of the maze, as research has indicated that mice show a strong preference 
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for using these cues, even when proximal cues are present (Harrison et al., 2006). Four 

visual cues consisting of various shapes (triangle, square, circle, vertical bar) were placed 

at evenly spaced intervals on the inside of the maze wall. Three 100-W lights (encased in 

aluminum shells) were hung above the platform to create a potentially aversive 

environment and motivate the mice to escape from the brightly lit, open surface (in favor 

of the dark environment of the box). While previous studies (i.e. Prut et al., 2007) have 

used a buzzer in addition to bright lighting as an aversive stimulus to motivate escape 

from the platform, the present study did not utilize such a procedure since research has 

indicated that TgCRND8 mice show increased auditory startle responses (McCool et al., 

2003).   

         Procedure 

 Each mouse was assigned an escape hole number; assigned hole numbers were 

alternated across mice by 90 degrees (i.e. 5, 10, 15, 20) to eliminate odor cues for 

consecutively tested mice. The escape box location remained constant for any individual 

mouse across test trials. Behavioral testing consisted of two shaping trials on the first day, 

and 14 evaluation trials (2 trials/day) over a period of seven days. Each day the animals 

were transferred from their cage-room to the testing room 30 min prior to the start of 

testing. A trial began by placing the mouse under a black, opaque starting box positioned 

in the center of the platform. After 60 sec, the box was lifted and the mouse had a 

maximum of 5 min (300 sec) to find and enter the escape box. Latency (time it took for 

the mouse to find the escape box) and total errors (nose-pokes into non-escape holes) 

were recorded. If the mouse did not enter the escape box within 5 min, it was gently 

guided there by the experimenter. After 30 sec, the mouse was removed from the escape 
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box and returned to their home cage. The platform and escape box were cleaned after 

every trial with a 20% ethanol solution. Mice were allowed to rest in their home cage for 

30 min before starting their second daily trial. After the seventh day, testing abated for 14 

days, after which long-term memory retention was evaluated for four additional trials (on 

1 day), conducted exactly like those just described (with the exception of the number of 

trials per day).  

Open-Field Test 

         Apparatus 

 Med Associates (St. Albans, VT) Open Field Test Environments (ENV-515) were 

used to conduct open-field tests. Each activity box resided in a sound-resistant cubicle 

(ENV-017M) containing a clear, acrylic cage (43.2 x 43.2 x 30.5 cm). The cage was 

surrounded by a 16 x 16 horizontal and vertical grid of infrared sensors for detecting 

movement and jumping.  

         Procedure 

 After one week of rest following their Barnes maze retention learning test, mice 

were placed into the center of the square arena of an unlit activity box for 60 min on three 

consecutive days. Locomotor activity data was collected in 5-min intervals using Med 

Associates Open-Field Activity Software (SOF-811), which records the number of sensor 

breaks along the spatial dimensions of the monitor and can compute these data as 

measures of distance traveled (cm), and time spent in different areas (center vs. periphery 

as a measure of anxiety) of the field. Boxes were cleaned before and after each trial with 

a 20% ethanol solution. 
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 Data Analyses 

 Results were analyzed using SPSS (V.16.0 for Mac OSX Leopard) and Prism 

(V4.00; GraphPad Prism Software Inc., San Diego, CA).  Planned comparisons between 

critical groups (i.e. genotype, age cohort) were performed. Dependent variables of 

interest included: touch escape score, latency and error rate during the Barnes task, and 

total distance traveled and center-time during open-field tests.  

Results 

 Touch escape. Results were analyzed using a Mann-Whitney U-test (two-tailed) 

with a significance criterion of p=0.05 (or less). No significant differences in touch 

escape scores were found between groups (Transgenic/wildtype) for the 4-month 

cohort[U=51.5 , ns]; however, older Tg mice showed significantly higher irritability 

scores compared to controls [U=58.5, p<.05]. Additionally, a significant Pearson 

correlation was obtained for touch escape and genotype (r=.25 , p<.05), such that Tg 

mice were associated with higher scores. 

 Barnes maze acquisition. Results were analyzed using two statistical methods: 1) 

a repeated-measures ANOVA, with Genotype as a between-groups factor, and Trial 

(levels=14) as the within-subjects factor, 2) the area under the latency curve from trial 1 

to trial 14 was calculated for each animal and group comparison was performed by 

student’s t-test (V4.00; GraphPad Prism Software Inc., San Diego, CA).
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Using the repeated-measures ANOVA, a significant main effect of Trial was obtained for 

both latency and errors in the 4-month cohort [latency: F(13, 247)=17.75, p<.0001; 

errors: F(13, 247)=12.08, p<.0001] and the 8-month cohort [latency: F(13,351)=25.02, 

p<.0001; errors: F(13, 351)=9.87, p<.0001], such that all mice showed decreased 

latencies and errors across trials. Additionally, a significant main effect of Genotype was 

obtained for both latency and errors in younger [latency: F(1, 247)=4.77, p<.05; errors: 

F(1, 247)=5.01, p<.05] (See Figure 2) and older mice [latency: F(1, 351)=4.25, p<.05; 

errors: F(1, 351)=11.34, p<.01] (See Figure 3), such that Tg mice had longer latencies 

and made more errors than controls. Significant differences between groups for area 

under the learning curve were found in both the 4-month cohort [t(19)=2.05, p<.03], and 

the 8-9 month cohort [t(27) = 2.20, p<.02] (See Figure 4). To verify that roughly equal 

acquisition occurred for both groups, an ANOVA (one-way) was used to analyze group 

differences in the last two acquisition trials (13 & 14). No significant between-groups 

differences were found for latency in either trial for both cohorts. 

 Long-term retrieval. Latency and errors were averaged for each mouse across the 

four trials conducted at the 2-week retest. Results were analyzed using a one-tailed t-test. 

In 4-month mice,  significant differences were found between groups for latency 

[t(19)=4.38, p<.001] and errors (t(19)=4.41, p<.001] (See Figure 5), such that Tg mice 

had longer latencies and made more errors compared to wildtype littermates. Likewise, 
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significant differences between groups were obtained in the 8-month cohort for both 

latency [t(26)=1.93, p<.05] and errors [t(26)=3.04, p<.01] (See Figure 5), such that Tg 

mice had longer latencies and made more errors (compared to controls). 

 Locomotion. Scores for total distance traveled (cm) were analyzed using a 

repeated-measures ANOVA, with Day (within-subjects; levels=3) and Genotype 

(between-groups: Tg/wt) as factors. There was a significant main effect of Day in the 8-9 

month mice [F(2,52)=8.05, p<.001], but not in 4-month mice [F(2,38)=0.1, ns] (See 

Figure 6). In other words, 4-month mice did not habituate to the open-field. Additionally, 

a significant main effect of Genotype was obtained in both younger [F(1,38)=5.22, 

p<.05] and older mice [F(1,52)=7.21, p<.02] (See Figure 6), such that Tg mice of both 

ages displayed greater locomotion across all three days of testing. When examining only 

the first 5 min of Day 1 locomotion, no significant differences between groups were 

found in the 4-month cohort; however 8-9 month Tg traveled significantly longer 

distances compared to controls; therefore, a repeated-measures ANOVA was run on the 

Day 1 distance traveled by Block (levels=12; 5 min each) data for each cohort. Results 

(see Figure 7) showed a significant main effect of Block in both cohorts [4-month: F(11, 

209)=3.91, p<.0001; 8-9 month: F(11, 286)=6.33, p<.0001], as well as a significant main 

effect of Genotype in both cohorts [4-month: F(1, 209)=8.27,  p<.01; 8-9 month: F(1, 

286)=9.12, p<.01]. No interaction was observed in the 4-month cohort, however, a 

significant interaction was obtained in the 8-9 month cohort [F(11, 286)=2.38, p<.01].
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  Anxiety-related behavior. Anxiety levels were determined by the time (sec) each 

mouse spent in a specified center zone (6 x 6 out of 16 x 16 total area) of the open-field 

during the first five minutes (Block 1) of Day 1. Increased anxiety levels would be 

indicated by increased time spent in the field's periphery, while decreased anxiety levels 

would be shown through increased time spent in the field's center. Block 1 was of 

particular interest because differing levels of anxiety can confound the interpretation of 

this short-duration spatial learning task. Since each trial of the Barnes maze occurred for 

5 min, an analysis of only the first 5 min of anxiety-related behavior were necessary to 

ensure a lack of potential confounding. Group differences were analyzed using a two-

tailed t-test (data not shown). No significant differences between groups were found for 

center-time in the 4-month [t(18)=1.68, ns] or 8-9 month cohorts [t(26)=1.98, ns]. 

 

Discussion 

 The present study’s aim was to assess cognitive deficits and non-cognitive 

symptoms  of  AD in the TgCRND8 murine model for two age cohorts (4-month & 8-9 

month), using three behavioral tasks: touch escape, the Barnes maze, and the open-field. 

For the purpose of clarity, this discussion will be divided into sections based on 

behavioral task. 
 

Touch escape. High reactivity or irritability to touch, as measured in the touch 

escape test, is thought to mimic non-cognitive symptoms often seen in Alzheimer’s
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patients, such as agitation, irritability and aggression (collectively referred to as 

‘disruptive behaviors’). These noncognitive symptoms often place a heavy burden on 

caregivers, as well as decrease patients’ life quality and increase rates of 

institutionalization. Previous research (Filali et al., 2009) indicated that APPswe/PS1 

mice show an increased reactivity to touch, but this had not previously been examined in 

the TgCRND8 strain. Due to the exclusive use of female mice, other tests of irritability 

and aggression (i.e., stranger/intruder-test) were not feasible. We found that at younger 

ages, Tg mice displayed irritability levels comparable to age-matched controls; in 

contrast, older Tg mice displayed greater irritability than their wildtype littermates.  

These results are consistent with findings in the human AD literature which show that 

agitation, irritability and aggression occur more commonly in the later stages of the 

disease (Lopez et al., 2003).   

Barnes maze. Spatial learning, working and long-term memory impairments are 

often some of the earliest symptoms expressed in AD. Areas of the brain involved in 

these processes include (but are not limited to): the entorhinal cortex, the hippocampus, 

and the frontal cortex, and it is well-known that these areas are among the first to sustain 

functional damage during the early course of the disease in both human patients and 

animal models. The Barnes maze is a behavioral test of hippocampal-dependent spatial 

reference learning, and may be well-suited for evaluating the efficaciousness of AD 

treatments aimed at ameliorating cognitive impairments.   

 Consistent with predictions and previous research using female mice (e.g. Görtz 

et al., 2008), the present study’s results showed poor spatial learning and memory
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retention in the Barnes maze task by 4-month old female TgCRND8 mice compared to 

wild-type littermates, as demonstrated by longer latencies and more errors during 7-day 

acquisition and at 2-week retention testing. Additionally, older Tg mice (8-9 month) 

showed poor acquisition, compared to controls, as demonstrated by significantly longer 

latencies and higher error rates during 7-day training and at 2-week retest. Additionally, it 

was shown that the difference in long-term retention was not due to a lack of acquisition 

by Tg mice, since all mice (regardless of group) significantly decreased their latencies 

and errors across the 14 trials, and Tg groups did not significantly differ from controls in 

escape latencies on the last day of acquisition training.  

 Activity patterns. Pacing, restlessness, and wandering are prime examples of non-

cognitive symptoms frequently reported in the AD clinical population (see Lanari et al., 

2006). In Tg mice, elevated levels of activity may be viewed as correlates to these 

symptoms. Conversely, decreased levels of activity might correspond to other non-

cognitive symptoms, such as apathy and depression.  

 Regarding locomotion (as measured by total distance traveled in the open-field 

test), both younger and older Tg mice showed increased locomotion compared to 

littermate controls.  Previous research concerning locomotor activity in the TgCRND8 

strain has been mixed.  Using 4.5 month-old female mice in social housing, Görtz et al. 

(2008) found no differences in locomotion. Similarly, another study which used 3-month
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 old males and females (same-sex social housing) also found no significant differences 

between genotypes in overall activity (Touma et al., 2004). In both of the aforementioned 

studies, locomotor activity was measured for 10 min in the open-field test. However, 

using the same task, but for a 60 min duration, Hyde et al. (2008) showed hyperactivity in 

individually-housed male Tg mice compared to littermate controls at 3 different ages (~2-

months, 4-months, and 9.5 months). Additionally, Ambree et al. (2009) found 

hyperactivity in 3.5-month individually-housed (starting at ~80 days of age), male Tg 

mice (both saline-treated & levadopa-treated) compared to controls across three days of 

open-field tests (10 min/day). 

 Even when locomotion is measured via the observation/recording of homecage 

activity, the findings are still mixed. Lewejohann et al. (2009) used semi-naturalistic 

social housing and found no differences between genotypes across time for both male and 

female animals, with the exception of 4-month old Tg males who showed significantly 

higher activity levels than wildtype littermates. In contrast, a study using standard, 

individual housing (starting at ~21 days of age) with male mice found that Tg mice were 

hyperactive in the homecage compared to controls, starting at 30 days of age and 

continuing through 4-months of age (Ambrée et al., 2006). Additionally, Richter et al. 

(2008) found hyperactivity in 4-month old individually-housed male Tg mice during both 

homecage observation and Barnes maze testing. This last study is particularly interesting 

because half of all mice were also given access to a running-wheel for three months; it 

was found that wheel-running was inversely correlated with stereotypic behavior and
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 positively correlated with plaque burden in Tg mice, but had no effect on performance in 

cognitive tasks. It is possible that the increased activity levels displayed over time (i.e. 60 

min/3 days) by our female Tg mice may really be displays of stereotypic behavior. It 

seems reasonable that excessive locomotor activity, whether in the form of wheel-

running, pacing, circling, etc., may be a general phenotypic marker for the onset and 

progression of AD pathology.  To our knowledge, the present study is the first to report 

increased locomotion in female TgCRND8 mice. More research needs to be conducted to 

confirm these results, as well as to tease out the differences in activity caused by 

environmental factors, such as social vs. individual housing and enrichment procedures. 

 This research contributes to a better understanding of the cognitive and non-

cognitive deficits associated with the progression of AD, in hopes of developing 

treatments which may ameliorate cognitive and noncognitive symptoms associated with 

early and later stages of the disease. Treatments that may potentially improve a wide 

range of AD symptoms can be examined for efficacy using these behavior measures 

(among others). Future experiments are being developed to explore possible treatment 

plans in older Tg mice as a model of advanced amyloidogenesis. 
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Figure 2. Barnes maze acquisition (4-month cohort) 
 
A) 

 
 
 

B) 
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Figure 3. Barnes maze acquisition (8-month cohort) 
 
A) 

 
 

 
B) 
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Figure 4. Barnes maze acquisition, mean latencies by group (calculated as area under the 
curve) 
 
 
A) 4-month cohort 

 
 
 
 
B) 8-9 month cohort 
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Figure 5. Barnes maze retention (2-week retest) 
 
A) 4-month cohort 

 
 
 
B) 8-9 month cohort 
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Figure 6.  Open-field test: Total distance traveled (3 days)  
 
A) 4-month cohort 

 
 
 
 
B) 8-9 month cohort 
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Figure 7. Open-field test: Distance traveled by block (Day 1) 
 
A) 4-month cohort 
 

 
 
B) 8-9 month cohort 
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