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Abstract
We have previously reported that a modified Stone T-maze (STM), using escape from water as
motivation, was effective in evaluating learning and memory ability in young C57/BL6 mice. Here
we report on the effectiveness and sensitivity of the STM in the assessment of age-related learning
and memory deficits in mice using either escape from foot shock or water as the motivational
manipulations. C57BL/6Nia mice 7-, 12-, 20- and 24-mo old received 15 massed trials in the
escape from foot shock motivated STM while C57BL/6Nia mice 5-, 12-, and 25-mo old were
tested in the escape from water STM. Analysis of errors, the main performance variable, revealed
similar results in both versions of the task with younger mice making fewer errors. Notably mice
of all ages in the water-motivated version moved quickly through the maze, while all ages of mice
in the shock-motivated version tended to wait for shock to be initiated to move forward. Overall,
both versions of the STM appear to be sensitive to age-related changes in learning and memory
and provide an alternative to other testing paradigms such as the Morris water waze which are
susceptible to performance confounds which can lead to uninterpretable results.
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1. Introduction
Behavioral paradigms that reliably evaluate age-related learning and memory deficits in
mice have been difficult to establish. This situation can impede progress to develop
therapeutics for the treatment of age-associated neurodegenerative disorders affecting
learning and memory. Several behavioral tasks have been the mainstay for this research
field, specifically, the Morris water maze (MWM) or versions of the MWM (Ashe, 2001;
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Chacan et al., 2004; Fisher et al., 2003; Van Dam et al., 2008). However, the MWM was
designed initially for assessment of learning and memory in the rat. Assessment of learning
and memory in mice using the MWM has proven to be problematic, as it is often unclear if
decrements are associated with swimming ability or spatial learning capabilities (Ikeda et
al., 2005; Whishaw and Tomie, 1997). Although mice can be trained to perform in MWM
paradigms, these paradigms can present possible performance confounds, such as shallow
learning curves, refusal to swim or stay on the goal platform, thigmotaxic behavior, and
motor confounds resulting from swimming ability, fatigue and thermoregulatory difficulties
(Hartman et al., 2001; Iivonen et al., 2003; Rogers et al., 1999). Moreover, when using aged
mice, additional potential confounds arise due to the possibility of age-associated declines in
visual acuity and motor function (Spencer et al., 1995). Performance deficits in this task then
can be falsely interpreted as impaired learning when comparing young mice to aged mice.

Over the course of many years, our laboratory has used the Stone 14-unit T-maze (STM) as
a tool for assessing the neurobiology of age-associated cognitive impairment in rats (Ingram,
1988; Ingram et al., 1996; Ingram et al., 1994). Having been introduced to the literature by
Calvin Stone in 1929, this maze paradigm is one of the earliest used to examine rodent
learning (Stone, 1929). Charles Goodrick at the National Institute on Aging (NIA) was one
of the first to use this paradigm to study age-related memory impairment in rats (Goodrick,
1968). In our hands, the STM has proven valuable for drug discovery and development.
Data from the STM was used to obtain patents on novel anticholinesterases for the treatment
of Alzheimer’s disease and advance them to clinical trials (Greig et al., 2000; Kadir et al.,
2008; Klein, 2007). The major advantages of the STM are twofold: (1) visual ability
requirements are minimized compared to other maze paradigms that heavily involve vision,
and (2) motivation to perform can be equilibrated across age groups (Ingram, 1988).

Other classes of drugs have also shown efficacy in enhancing learning performance of old
rats in the STM including the nitric oxide donor, molsidomine (Meyer et al., 1998a), while
the nootropic drug, codergocrine (Walovitch et al., 1987), and the mitochondrial energy
enhancer, acetyl-L-carnitine, were not effective (Barnes et al., 1990). Many other studies
have been conducted in young rats to demonstrate that STM learning is impaired by
inhibition of signaling in muscarinic cholinergic (Spangler et al., 1986), NMDA
glutamatergic (Ingram et al., 1992), D2 dopaminergic (Umegaki et al., 2001), and nitric
oxidergic (Meyer et al., 1998a; Meyer et al., 1998b) systems. Impaired learning in the STM
is also observed in rats with lesions to the septo-hippocampal system (Kametani et al., 1989;
Kametani et al., 1993), hippocampus (Duffy et al., 2008), striatum (Pistell et al., 2009), and
temporal-parietal, but not to striate cortex (Jucker et al., 1990; Spangler et al., 1994) nor the
ascending noradrenergic system (Spangler et al., 1990). The lack of effects following the
lesions to the striate cortex is again a demonstration that visual processing is not a major
performance requirement for this maze. In early versions of the STM, motivation to perform
was manipulated by food deprivation (Goodrick, 1968). The rat version that we have used
extensively was equipped to deliver scrambled footshock as aversive motivation, and the rat
has 10 sec to move through each of 5 maze segments in order to avoid shock onset
(contingency reset after each segment).

Over a number of years, we have attempted to either utilize existing tasks (Brooks et al.,
2000), or develop new tasks, capable of reliably assessing age-associated declines in
learning and memory in mice. All of these tasks proved to be unreliable as they failed to
maintain the proper motivational drive required to keep the mice fully engaged in the task,
resulting in inaccurate assessment of learning and memory. However, it was noted that in all
these failures, the mice appeared to be driven primarily to escape the apparatus.
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Based on our observations that escape appeared to be a primary motivational factor in our
previous studies of mice in a number of behavioral tasks, we developed a modified version
of the STM for mice. An initial study demonstrated that the mouse STM reliably measures
learning and memory in young mice, and that they consistently perform in the task (Pistell
and Ingram, 2010). In the studies reported here, we demonstrate the ability of the mouse
STM to detect age-associated declines in learning and memory using escape from water and
footshock as motivational manipulations in two separate versions of the task. Two
independent studies were conducted in mice of various ages in separate laboratories. In one
laboratory (Nutritional Neuroscience and Aging Laboratory at the Pennington Biomedical
Research Center - PBRC), motivation to maintain task performance was established by
requiring the mice to wade, not swim, through water to reach a dark and dry goal box
allowing the mice to escape out of the water. In the other laboratory (Laboratory of
Experimental Gerontology at the National Institute on Aging - NIA), motivation to keep
moving was established by using footshock as the negative reinforcement.

2. Experimental Procedures
2.1 Animals

For all experiments virgin, male C57BL/6Nia mice were obtained from the aging rodent
colonies maintained at Charles River Laboratories (Wilmington, MA) under contract from
the NIA. Mice at NIA were 7- (N=8), 12- (N=10), 20- (N=5) and 24-months old (N=9) at
testing, while mice at the PBRC were 5- (N=9), 12- (N=12) and 25-months old (N=12) at
testing. At both the PBRC and NIA, mice were housed in vivaria under controlled
environmental conditions (PBRC 22±2 °C, 70±10% humidity ; NIA 21±2 °C, 70%
humidity) with a 12-h light/dark cycle. Mice at both facilities were group housed (PBRC 4/
cage; NIA 5/cage) and had ad libitum access to both standard chow (PBRC: Lab Diets,
5001; NIA: NIH-31) and water. Both facilities had sentinel procedures in place and were
determined to be free of specific pathogens at the time of the studies. All procedures were
approved by the respective Institutional Animal Care and Use Committees of the PBRC and
NIA Intramural Research Program (NIA IRP), and followed the NIH guidelines for the Care
and Use of Laboratory Animals.

2.2 Apparatus
Both mazes were constructed by the instrument and fabrication shop maintained by the
Intramural Research Program at NIA (Baltimore, MD), The stainless steel grid floor and
wiring for the NIA maze were purchased from Med Associates (St Albans, VT) and
scrambled foot shock was delivered by a grid floor shocker (Coulbourn Instruments E13-08,
Lehigh Valley, PA).

2.2.1 Water Motivated Mouse STM (PBRC)—Additional details on the water-
motivated version of the STM maze have previously been reported (Pistell and Ingram,
2010). A straight run (68.58 cm) was used for pretraining conducted on the day before
training in the STM. Briefly, the straight run and maze were constructed from clear or black
acrylic. Both the straight run and maze were placed into a steel pan filled with water to a
depth of approximately 2.22 cm and which covered half the height of the interior walls of
the maze. The water was maintained at 20–24 ° C. The walls of both the straight run and
maze were constructed using black opaque acrylic 3.81 cm high with feet 0.64 cm in height
placed at various locations under the bottom of walls to allow for circulation of water under
the walls. The ceiling of the straight run and maze were covered with clear acrylic to prevent
mice from rearing out of the water. These dimensions created a situation where the mice
were capable of remaining in contact with the floor while maintaining their head above
water, but the height prevented them from rearing up. The straight run consisted of an alley
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68.58 cm long and the alley through which the mice traversed was 5.08 cm wide. At the
beginning of each trial, the mouse was placed into a start box constructed completely out of
opaque acrylic with a removable top and sliding door that was raised by hand at the start of a
trial. Inside the back wall of the start box, there was a sliding panel that could be moved
using a rod extending out the rear wall to push the mice from the start box if needed. The
start box was 11.43 cm in length, with the height and width matching the dimensions of the
alleys in the straight run and maze. An overhead view of the maze is shown in Figure 1A,
and a schematic of the maze with dimensions is shown in Figure 1B.

Overall the maze measured 68.58 cm X 66.68 cm. Throughout the entire maze, the alleys
through which the mice traveled were 5.08 cm wide. In general, the arms forming the stem
of a T-junction were 6.35 cm long, and the two dead-end arms of the T were 5.72–6.35 cm
long. The dimensions of the T’s were relatively consistent, but minor variations occurred
when necessary to fit within the overall design and construction of the apparatus. Five
sliding guillotine doors were placed at various locations throughout the maze (see Figure
1C). Once a mouse successfully navigated a section of the maze, the door was lowered to
prevent the mouse from potentially backtracking after an error resulting in increased
potential for a failed trial. These doors were located within a supporting framework attached
to the ceiling of the maze, and were opened and closed manually by the experimenter using
a fishing line with a weight at the end. To prevent the mice from utilizing the guillotine
doors as navigation cues, false guillotine doors were placed at specific points in the maze
over the top of alleys that were cul-de-sacs or dead-end T-junctions

The enclosed goal box was constructed from opaque black acrylic and measured 20.32 cm
wide X 20.32 cm in length and was 11.76 cm high. An open door the same height and
dimensions as the alleys of the maze and straight run was located on one wall, leading to a
ramp that led up to an elevated floor within the box that was 4.78 cm above the floor of the
pan holding the water. This allowed the mice to escape above the water level when reaching
the goal box. The ceiling of the goal box was removable to allow access to the mice. All of
the trials were recorded via an overhead camera.

2.2.2 Shock-Motivated Mouse STM (NIA)—Dimensions of the maze at the NIA were
identical to the maze at the PBRC, except that the maze at the NIA was a mirror version.
Thus, the start box for the NIA maze was located on the left and the goal box on the right
side. A straight runway identical to that used at the PBRC, but with a stainless steel grid
floor, was utilized to train mice in one-way active avoidance. The maze was placed onto a
shock grid wired in series to a Coulbourn Instruments;E13-08 grid floor shocker (Lehigh
Valley, PA). Scrambled footshock (0.4 mA) was initiated manually by the experimenter if
the mouse remained in one section of the maze for 10 sec before successfully navigating to
the next section (a section was defined as an area prior to the animal moving into the next
section separated by one of the moveable guillotine doors). Once the mouse had moved into
the next section, the shock was terminated and the timer was reset. Testing in the shock-
motivated STM was recorded via an overhead camera for scoring of errors and runtime
following completion of 15 massed practice trials

2.3 Procedure
2.3.1 Water-Motivated Stone T-Maze—On day 1 the mice underwent straight-run
training. The straight-run training was implemented to establish the contingency that moving
forward would allow them to escape from the water into the goal box. Successful
completion of this training phase required that the mice reach the goal box in 15 sec or less
on 13/15 trials, with a maximum of 30 trials administered. Any mice that were unable to
reach this criterion were excluded from further behavioral testing. For all experiments, maze
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training commenced the following day. For this experiment 6–8 mice received all 15 maze
acquisition trials in a single day. However, the mice were run in a squad where every mouse
received Trial 1 prior to the first mouse receiving Trial 2. This resulted in an ITI of
approximately 5–12 minutes in duration. During the ITI mice were placed in a holding cage
with a dry towel. Retention was assessed one week following acquisition training.

The primary measures of learning were the latency to reach the goal box and the number of
errors committed. The errors were scored online by the experimenter, but all of the straight
run training and maze trials were recorded using a video tracking system for later review
(Viewpoint Lifesciences, Montreal, Quebec, Canada). An error was defined as complete
entry of the mouse’s head into an incorrect path. During acquisition, if a mouse failed to
reach the goal box within 6 min, the trial was terminated and was scored as a failure. Any
mouse achieving three failures was removed from further analysis.

2.3.2 Shock-Motivated Mouse STM—For this version of the maze, pretraining in the
straight runway required the mice to successfully avoid a foot shock, initiated 10 sec after
their entry into the runway. Successful completion of a trial was defined as complete
avoidance of the shock by moving down the runway from a start box and entering a goal
box. To assure sufficient motor performance in the maze, the pretraining criterion was for
each mouse was to successfully complete 13/15 active one-way avoidance trials (no shock
received) in less than 10 sec within a maximum of 30 trials. Any mouse that failed to reach
this criterion was not tested in the maze. Two hours after pretraining, each mouse received
15 trials in the maze. Mice were run so that each mouse completed all 15 trials before the
next mouse received its 1st trial, with a 2 min ITI. The maximum trial duration was 6 min,
and if the maximum was reached, the mouse was given a 5-min recovery period in its home
cage before the next trial. Mice failing to reach the goal box within 6 min on any of 3 trials
were removed from the study.

Testing in the shock-motivated STM was recorded via an overhead camera for scoring of
errors and runtime following completion of 15 massed practice trials. The primary measures
of learning were the latency to reach the goal box and the number of errors committed. In
addition, the number of shocks administered was also recorded. The errors were scored
online by the experimenter, but all of the straight run training and maze trials were recorded
using a video tracking system for later review (ANY-maze, Stoelting, Wood Dale, IL). An
error was defined as complete entry of the mouse’s head into an incorrect path.

2.3.3 Rotarod—In addition to maze testing, the PBRC cohort of mice were also tested for
motor function and coordination on an accelerating rotarod (Med-Associates, St. Albans,
VT) to assess potential age-associated alterations in their behavioral function. Evaluation of
rotarod performance occurred after completion of all maze testing. Testing on the rotarod
consisted of three trials separated by an approximately 30 min ITI. For each trial, the mouse
was placed onto the rotarod while it was stationary. The rotarod was then started at 4 rpm
and accelerated to 40 rpm over 5 min. The maximum trial length was 5 min. The results
from the 3 trials were then averaged.

2.4 Statistics
For analysis and display, the 15 acquisition trials were collapsed into 3 blocks of 5 trials. For
all of the experiments, the maze data were analyzed using ANOVA with repeated measures,
and the retention data were analyzed using within-subjects t-tests. Planned comparisons
were made between the 5-month old group (water STM) or 7-month old (shock STM) and
each of the older groups at each trial block. Statistical significance was accepted as p<0.05.
We have found that assessment of learning in the mouse STM is most accurately measured
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by errors committed since, unlike latency, errors are unaffected by potential alterations in
motor function. So while analysis of latency was conducted and reported, the analysis of
errors is preferred to assess learning capacity. For the rotarod data, the data were analyzed
with ANOVA followed by Tukey’s post-hoc comparisons with statistical significance
accepted as p<0.05.

3. Results
3.1 Water-Motivated Mouse STM

As observed in Figures 2A and 2B, in general, all age groups of mice exhibited significant
learning in the STM indicated by reduced numbers of errors and runtimes across trials. The
Group X Trial Block ANOVA for errors indicated a significant main effect for both Group
(F(2,30) = 4.50, p = 0.02) and Trial Block (F(2,60) = 154.83, p < 0.001), but no significant
interaction (F(4,60) = 1.02, p = 0.406). Planned comparisons of the 12-month old and 25-
month old groups compared to the 5-month old group indicated that while none of the
groups were significantly different at Trial Block 1, and the 12-month old group was not
significantly different from the 5-month group on any of the Trial Blocks. The 25-month old
group committed significantly more errors than the 5-month old group at Trial Block 2 (t(19)
= 2.58, p = 0.018) and Trial Block 3 (t(19) = 2.60, p = 0.018) , indicating impaired
acquisition.

The Group X Trial Block ANOVA for latency indicated a significant main effect for Trial
Block (F(2,60)= 12.93, p < 0.001), but no significant effect of Group (F(2,30) = 0.44, p =
0.649) and no significant interaction (F(4,60) = 0.34, p = 0.849). Planned comparisons at each
Trial Block indicated no significant differences between the 12-month old and 25-month old
groups compared to the 5-month old group at any of the Trial Blocks. These results
indicated the motor ability of the mice required to perform the task was not altered by age.

Retention performance was assessed by comparing performance on the last trial of
acquisition with performance on the first trial of retention. The Trial X Block ANOVA for
retention indicated a significant main effect for Group (F(2,29) = 6.00, p = 0.007) and Trial
(F(1,29) = 10.57, p = 0.003), but no significant interaction (F(2,29) = 3.22, p = 0.055).
Comparisons within each age group indicated only the 25-month old mice exhibited a
significant increase in errors from the last acquisition trial compared to the first retention
trial (t(11) = 4.07, p = 0.002).

We assessed motor performance in a rotarod task to further evaluate age effects on motor
abilities. Contrasted to no differences in latency performance in the maze, the ANOVA for
latency to fall from the rotarod indicated a significant main effect for Group (F(2,30) = 23.90,
p < 0.001). A Tukey’s post hoc test indicated that while both the 12-month old and 25-
month old groups exhibited a reduced latency to fall from the accelerating rotarod,
compared to the 5-month old group (p < 0.001; see Figure 2D), the 12-month old and 25-
month old groups exhibited similar performance (p > 0.05). Overall, these results indicate
despite the detection of age-associated differences in motor function on the rotarod, mice of
increasing age were capable of performing at performance levels similar to those of young
mice in the water-motivated version of the mouse STM.

3.2 Shock-Motivated Mouse STM
As presented in Figures 3A (errors), 3B (latency) & 3C (shock frequency), in general all
groups of mice exhibited improved performance in the maze across Trial Blocks in all
measures of maze performance. The Group X Trial Block ANOVA for errors indicated a
main effect for Trial Block (F(2,56) = 51.27, p < 0.001), a main effect for Group (F(3,28) =
6.08, p = 0.003) as well as a Group X Trial Block interaction (F(6,56) = 3.66, p = 0.004).
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Planned comparisons indicated no differences between the 7-month old group and any of the
other age groups at Trial Block 1, similar to the observation made in the water motivated
version. At Trial Block 2 the 12-month old mice were still not different from 7-month old
mice, but both the 20-month old (t(11) = 2.42, p = 0.034) and 24-month old mice (t(15) =
3.67, p = 0.002) exhibited significantly more errors compared to the 7-month group.
However, at Trial Block 3, only the 24-month old group committed significantly more errors
than the 7-month old group (t(15) = 3.49, p = 0.003).

The Group X Trial Block ANOVA for latency revealed both a main effect for Trial Block
(F(2,56) = 40.08, p < 0.001) and Group (F(3,28) = 10.24, p , 0.001), as well as a Group X Trial
Block interaction (F(6,56) = 4.81, p = 0.001). Planned comparisons indicated that the 7-
month old mice completed the maze significantly faster than the 12-month old (t(16) = 2.73,
p = 0.015) and 24-month old (t(15) = 2.84, p = 0.012) groups, but not the 20-month old group
at Trial Block 1. At Trial Block 2, the 7-month old mice completed the maze significantly
faster than the 20-month old (t(11) = 4.51, p = 0.001) and 24-month old (t(15) = 3.26, p =
0.005) groups, but not the 12-month old group. For Trial Block 3, only the 20-month old
mice were significantly slower than the 7-month old mice at completing the maze (t(11) =
3.11, p = 0.01).

The Group X Trial Block for shock frequency confirmed significant main effects for Trial
Block (F(2,56) = 27.63, p < 0.001) and Group (F(3,28) = 4.38, p = 0.012), but no Group X
Trial Block interaction (F(6,56) = 1.27, p = 0.286). Planned comparisons indicated that,
compared to 7-month old mice, the 12-month old (t(16) = 3.29, p = 0.005) and 24-month old
(t(15) = 4.35, p = 0.001) mice received significantly more shock episodes at Trial Block 1. At
Trial Block 2 the 20-month old (t(11) = 2.96, p = 0.013) and 24-month old (t(15) = 3.93, p =
0.001) groups received more shocks than the 7-month old group, and the same pattern
occurred at Trial Block 3 (20-month old: t(11) = 3.56, p = 0.004; 24-month old: t(15) = 3.10,
p = 0.007).

4. Discussion
Expanding from our initial report indicating the capability of the water-motivated mouse
STM to maintain motivation and assess learning and memory in young mice (Pistell and
Ingram, 2010), the current findings indicate the mouse STM is capable of detecting age-
associated declines in learning and memory using both water escape and shock escape-
avoidance as motivational manipulations. Error performance across blocks of 5 trials for
both maze tasks demonstrates that learning occurs in all age groups. However, in both tasks
aged mice (24–25 mo) exhibited deficits in learning compared to the young and middle –
aged groups. More specifically, in comparison to 5-month old mice, the water-motivated
version of the mouse STM was capable of detecting age-associated declines in 25-month old
mice. The performance of 12-month old mice was not significantly different from the
youngest group. The shock-motivated version of the mouse STM was capable of detecting
age-associated declines between 7-month old mice and 24-month old mice. Overall, these
results provide further support for the utilization of this task in evaluating learning and
memory in mice.

Although the ages of the mice evaluated in the two different mazes were not exactly
identical, a similar pattern of results was obtained regarding the errors committed. Despite
the similarity of the overall conclusions, there were some differences between the two
studies. In the shock-motivated version, the mice consistently received shock indicating that
some form of motivation was required to keep the mice moving towards the goal box.
Unlike healthy unimpaired rats in the shock-motivated STM, who frequently reach zero
shocks during the later trial blocks (Pistell et al., 2007; Spangler et al., 1986), the mice in the
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current study never got below a mean of 3 (with the highest number possible being 5). This
indicates the mice in the shock-motivated version of the mouse STM pause more frequently
than those run in the water-motivated version of the mouse STM. The protocol for the
shock-motivated version allowed the mice 10 sec to move through each section and past a
door to the next section of the maze before shock was initiated until they escaped past the
door to the next section and the avoidance-escape contingency was reset. Therefore, the
mice were frequently taking longer than 10 sec in over half of the sections. This difference
probably arises from the fact that in the water-motivated version the mice are in the water
from the beginning so they are constantly escaping. In the shock-motivated version, the
shock is not constantly present, and the mice are under an avoidance-escape contingency.
Therefore, the constant presence of the water may result in increased motivation to reach the
goal box. However, despite these minor motivational differences, the primary dependent
measure of learning in the mouse STM, errors, was similar between the two studies.

Another advantage of the mouse STM, especially the water-motivated version, is that the
physical demands of the task are not nearly as great as those required for the Morris water
maze. This factor is critical for studies comparing mice of different ages because of the
potential confound of motor function decline in the aged mice. Further, the physical
demands of swimming may interact with an inability to effectively thermoregulate in older
animals, i.e., loss of body temperature, that impact on their ability to swim or stay afloat in
the MWM. Compared to the rat, the mouse has a greater challenge in thermoregulation due
to its small body surface area, so this can be a problem even in young mice that is further
accentuated with age (Shefer & Talan, 1997). When using latency as a measure of learning
in the Morris water maze, it is often difficult to interpret increased latencies in aged mice as
learning rather than impaired motor function. The current experiments indicate that despite
learning acquisition deficits, as indicated by errors, mice of all ages (except for the 20-
month old group in the shock-motivated study) exhibited similar latencies across all trial
blocks. In fact, as indicated by rotarod testing in the Pennington cohort of mice, both of the
older groups of mice exhibited declines in motor function. However, these deficits did not
impact their ability to complete the maze with similar latencies to the youngest group of
mice.

Overall, we believe the mouse STM, whether motivated by shock or escape from water,
offers several advantages over existing paradigms used to measure learning and memory in
aged mice. This task is capable of measuring learning independent of potential confounds
arising from alterations in motor, visual and other physiological changes in function that
occur in aged mice. Both the water and shock-motivated tasks can be partially automated
using available tracking and scoring systems, e.g., Any-Maze (Stoelting, Kiel, WI). One of
the major advantages of both of these tasks is the shortened testing period that allows for
testing of aged mice in a short window of time, as little as a day. Both the MWM and
appetitive tasks require more extensive testing, which can result in loss of subjects due to
death or illness when they approach or exceed the mean lifespan. We are currently using the
tasks to evaluate a number of interventions that will further demonstrate the utility of this
paradigm.
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Figure 1.
A) Photograph of the mouse STM at the Pennington Biomedical Research Center with a
mouse navigating the maze. B) Schematic diagram of the mouse STM at the Nutritional
Neuroscience and Aging Laboratory, Pennington Biomedical Research Center. C)
Schematic diagram of the mouse STM at the Laboratory of Experimental Gerontology,
National Institute on Aging.
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Figure 2.
A) Mean errors (+/− sem) in 5 trial blocks during acquisition in the water-motivated mouse
STM. # indicates p < 0.05 compared to 5-month old group. B) Mean latency (+/− sem) in 5
trial blocks during acquisition in the water-motivated mouse STM. C) Comparison of mean
errors (+/− sem) for the last acquisition trial (15th trial) and first retention trial in the water-
motivated mouse STM. # indicates p < 0.05 compared to performance on last acquisition
trial. D) Mean latency (+/− sem) to fall from the accelerating rotarod. * indicates p < 0.01 in
comparison to the 5-month old group.
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Figure 3.
A) Mean errors (+/− sem) in 5 trial blocks during acquisition in the shock-motivated mouse
STM. B) Mean latency (+/− sem) in 5 trial blocks during acquisition in the shock-motivated
mouse STM. C) Mean shock frequency (+/− sem) in 5 trial blocks during acquisition in the
shock-motivated mouse STM. # indicates p < 0.05 and * indicates p < 0.01 in comparison to
7-month old group.
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