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Abstract

The perirhinal cortex (PRC) supports associative memory and perception, and PRC dysfunction
impairs animals’ abilities to associate stimulus features across sensory modalities. PRC damage
also leads to deficits in discriminating between stimuli that share features. While PRC-dependent
stimulus discrimination has been shown to be impaired with advanced age, data regarding the
abilities of older adults and other animals to form PRC-dependent associations have been
equivocal. Moreover, the extent to which similar neural computations within the PRC support
associative memory versus discrimination abilities have not been directly examined. In the current
study, young and aged rats were cross-characterized on two PRC-dependent crossmodal object
recognition (CMOR) tasks to test associative memory, and a LEGO® object discrimination task.
In the CMOR tasks, rats were familiarized with an object with access to tactile input and then
tested for recognition with visual input only. The relative exploration time of novel versus familiar
objects indicated that aged rats showed preference for the novel over familiar object with and
without an epoch of multimodal pre-exposure to the familiar object prior to the testing session.
Furthermore, crossmodal recognition performance between young and aged rats was not
significantly different. In contrast, for the LEGO object discrimination task, aged rats were
impaired relative to young. Notably, aged rats who performed poorly on the LEGO object
discrimination task had better performance on the CMOR tasks. The dissociation of discrimination
and association abilities with age suggests that these behaviors rely on distinct neural
computations within PRC-medial temporal lobe circuit.
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Introduction

The perirhinal cortex (PRC) receives polymodal input from sensory association cortices
(Burwell & Amaral, 1998a; Suzuki & Amaral, 1994), and is strongly reciprocally connected
with the hippocampus and other medial temporal lobe regions (Agster & Burwell, 2013;
Burwell & Amaral, 1998b; Lavenex, Suzuki, & Amaral, 2004). Through this circuitry, the
PRC is poised to support the integration of sensory information within and across modalities
(Holdstock, Hocking, Notley, Devlin, & Price, 2009; Jacklin, Cloke, Potvin, Garrett, &
Winters, 2016; Murray & Bussey, 1999; Winters & Reid, 2010) that is incorporated into
memories for specific environments or episodes that are critical for adaptive behavior. In
support of this idea, lesions of the PRC impair rats’ abilities to perform a tactile-to-visual
crossmodal object recognition task (Winters & Reid, 2010), even if the object is pre-sampled
in both modalities prior to the task (Jacklin et al., 2016). The role of PRC in integrating
stimulus features can be broadly conceptualized by suggesting that it plays a role in
supporting the formation of associations between different stimuli or a stimulus and a
location. For example, PRC lesions impair formation of object-place associations (Barker &
Warburton, 2015; Hernandez, Reasor, et al., 2017; Jo & Lee, 20103, 2010b), as well as
object-in-context recognition (Heimer-McGinn, Poeta, Aghi, Udawatta, & Burwell, 2017).

In addition to associative memory, the PRC plays an integral role in high-level perceptual
functions of the medial temporal lobe, such as object discrimination when the stimuli to be
discriminated share a high degree of feature overlap, also referred to as “perceptual
ambiguity’ (Ahn & Lee, 2015; Barense, Gaffan, & Graham, 2007; Bartko, Winters, Cowell,
Saksida, & Bussey, 2007a, 2007b; Devlin & Price, 2007; Norman & Eacott, 2004). This
aspect of PRC function is reported to be particularly vulnerable to the effects of advancing
age, with older adults (Reagh et al., 2015; Ryan et al., 2012; Stark, Yassa, Lacy, & Stark,
2013; Toner, Pirogovsky, Kirwan, & Gilbert, 2009), monkeys (Burke et al., 2011), and rats
(Burke et al., 2011; Johnson et al., 2017) showing selective deficits in discriminating
between objects that share features relative to objects that are more distinct. Importantly,
age-associated deficits in discrimination have also been observed for similar odorants (Yoder
et al., 2017), suggesting that age-related impairments in this cognitive function are not
confined to the visual modality.

In contrast to data that consistently show age-related impairments in discriminating between
stimulus features, there are disparate reports of the impact of aging on the ability to associate
stimulus features within and across sensory modalities. Some studies suggest that older
adults are impaired on tasks assessing associative memory (Castel & Craik, 2003; Cohn,
Emrich, & Moscovitch, 2008; Naveh-Benjamin, 2000; Old & Naveh-Benjamin, 2008). In
contrast, more recent studies have suggested that associative memory is preserved with age
due to the observation that older adults’ item memory benefits from visual integration within
a context similar to young subjects (Memel & Ryan, 2017). Moreover, it is possible that
deficits in associative memory can in part be accounted for by reduced memory for items,
and that when this is controlled for, associative memory in older adults is similar to young
subjects (Oedekoven, Jansen, Keidel, Kircher, & Leube, 2015). Thus, it remains unclear the
extent to which normal aging is accompanied by reduced abilities to form and maintain
associations.

Behav Neurosci. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gaynor et al.

Methods

Subjects

Page 3

Although it is evident that the PRC is critical for both discrimination and association, the
extent to which the same underlying neural computations support these cognitive functions
is not yet known. It remains to be determined if advancing age similarly affects
discrimination and association abilities. In the current study, young and aged rats were cross-
characterized on PRC-dependent crossmodal object recognition tasks, which tests the ability
to bind together stimulus features experienced in different sensory modalities, and on a
LEGO® object discrimination task, which tests the ability to differentiate between similar
stimuli within a single sensory modality to obtain a reward. Performance across these tasks
in old animals can be used to infer the extent to which discrimination and association rely on
the same neural computations. Specifically, if performance on both tasks is similarly
impaired in the aged rats, then overlapping mechanisms likely support these two processes.
Conversely, if association and discrimination performance are not positively correlated, then
distinct computations within the PRC and its associated circuits may be required for each
task.

A total of 30 young (4-6 months old) and 31 aged (22-26 months old) male Fischer 344 x
Brown Norway F1 hybrid male rats (NIA colony, Taconic Farms) were used for this study.
Each rat was behaviorally characterized on the crossmodal object recognition (CMOR;
Winters & Reid, 2010) task, the spontaneous object recognition task with visual only or
tactile only stimuli (SOR; Ennaceur & Delacour, 1988), and the LEGO object discrimination
task (S.A. Johnson et al., 2017); see descriptions below. Figure 1A shows the timeline for all
experimental procedures. Rats were individually housed and maintained on a reversed 12-hr
light-dark cycle. All behavioral experiments were performed during the dark phase of the
cycle. During recognition tasks, rats were given access to standard chow (Teklad LM-485,
Harlan Labs) and water ad /ibitum. During the LEGO object discrimination task, rats were
food-restricted on moist chow to between 80-85% of their free-feeding weight, with access
to water ad libitum. All rats were handled for the week prior to testing. Additionally, all rats
were handled daily for testing and completed daily weighing during discrimination testing.
All experimental procedures were performed in accordance with National Institutes of
Health guidelines and were approved by the Institutional Animal Care and Use Committees
at the University of Florida.

Apparatus and Testing Objects

Crossmodal object recognition tasks—The tasks were conducted in a Y-shaped
apparatus as described in previous studies (Figure 1B; Forwood, Winters, & Bussey, 2005;
Winters, Forwood, Cowell, Saksida, & Bussey, 2004; Winters & Reid, 2010). The apparatus
was constructed from high white-painted wooden walls (41.91 cm tall) with a white base to
facilitate automated tracking of the F344xBN rats. The start arm (41.91 cm x 16.51 cm x
17.78 cm) was separated from the two test arms by a plastic guillotine door (45.72 cm x
12.7 cm) to contain the rat before the start of testing. The two choice arms were equal in
length. Both guillotine doors could be removed or inserted to prevent the rat from reaching
the end of the arm. Objects made of plastic and ceramic were used as testing stimuli.
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Preliminary testing of exposure of rats from the same strain to testing objects did not reveal
any significant object preferences. During CMOR testing, all objects were counterbalanced
across rats. Objects were placed in the center of the end of the choice arms (41.91 cm x
16.51 cm x 6.35 cm) during both the sample and test phase of each condition. Between
testing sessions, objects were cleaned with 70% ethanol. During testing, a white noise
machine was used to minimize distraction based on extraneous noise.

During the sample phase of the CMOR and the Tactile-only SOR tasks, room lights (32 Watt
bulbs) were turned off and a red lamp (25 Watt bulb) was positioned above the apparatus to
deprive rats of visual input while enabling video recording for offline analysis. During the
test phase of the CMOR and the Visual-only SOR tasks, room lights were turned on and the
transparent plexiglas panels were inserted into the choice arms to prevent rats from touching
or whisking against the objects.

Obiject exploration was measured using in-house video scoring software (Collector, Burke/
Maurer Laboratories, Gainesville, FL). Scorers determined duration (seconds) of active
exploration of the right and left objects separately. Active exploration was qualified by the
rats’ proximity (~2 cm) to the object and explorative behaviors (nose facing object without
rearing on or climbing on object).

LEGO object discrimination task—The LEGO object discrimination task was
conducted in a black two-arm maze (Figure 1C; Hernandez et al., 2015). A start platform,
48.3 cm in diameter, gave off the two arms, each 84 cm long with a rectangular choice
platform (31.75 cm x 24.13cm) at the end. The right arm was blocked halfway with a plastic
barrier to restrict access to the choice platform, and was used as the ‘start” zone. The choice
platform in the left arm contained two food wells 2.5 cm in diameter and 1 cm deep, spaced
12.8 cm apart. During testing, a white noise machine was kept on to minimize extraneous
noise. Objects made of plastic, ceramic, or constructed from LEGO blocks to share visible
features (Fig 1C) were used as testing stimuli. During testing, objects were placed over the
food wells to conceal a hidden food reward. Between testing sessions, objects were cleaned
with 70% ethanol. During all phases of discrimination testing, the room lights were turned
off and a lamp with a red bulb (25 Watt) and another lamp with a white bulb (100 Watt) were
placed in opposite corners of the testing room facing the walls to provide indirect
illumination of the maze and object stimuli.

General Testing Procedures

Crossmodal object recognition tasks—Two days prior to recognition testing, rats
were introduced to the Y-shaped apparatus for a 17-minute period. For the first five minutes,
the room lights were off and the red overhead lamp was turned on. The rat spent one minute
in the start arm blocked in by the guillotine door before being released into the maze. The rat
was given five minutes to freely explore before it was returned to its home cage for another
five minutes. At the beginning of this resting period, the room lights were turned on, and the
red light was turned off. The two transparent plexiglas dividers were secured at the end of
the choice arms. Again, the rat was placed in the start arm for one minute before being
released into the choice arms to freely explore for five more minutes. If necessary, rats were
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physically reset to the center of the two choice arms to encourage exploration. After this
habituation phase, all rats completed 4 different spontaneous object recognition tasks:
standard crossmodal object recognition (CMOR) without pre-exposure, CMOR with
multimodal pre-exposure, tactile spontaneous object recognition, and visual spontaneous
object recognition. Each task was given on different testing days with a day off between
tasks, and the order of tasks was counterbalanced across animals with a Latin Square design
so that the different possible orders of recognition tests had similar numbers of rats. This
procedure normalized any potential order effects across object recognition tasks.

Rats were exposed to a unique set of objects for each of the four recognition tasks. Prior to
testing, rats were assigned objects to be familiarized with during the sample phase and an
object that would remain novel for testing. Two copies of the object to be initially
familiarized with were presented at the end of each choice arm during the sample phase.
One identical copy of the familiar object and a novel object were then presented during the
test phase. Which object was novel, and the side in which the novel object was placed, were
counterbalanced across animals.

Standard crossmodal object recognition without pre-exposure: Rats first completed the
tactile-only sample phase, in which the room lights were turned off and the red lamp was
turned on so that only tactile features were available to the animal. The designated familiar
objects were placed in the two choice arms of the maze. The rat was placed in the start arm
for one minute before it was allowed to enter the choice arms and freely explore for 3
minutes. If the rat was inactive for >1 min, it was gently moved to the center of the maze to
encourage activity. After the sample phase, the rat was returned to the home-cage for 5
minutes, which remained in the testing room covered with a dark drape to minimize
exposure to distractors. During the visual-only test phase, the room lights were then turned
on and the red lamp was turned off. The transparent plexiglas panels were placed in front of
the familiar and novel objects to restrict access to tactile information but allowing access to
visual information. After spending 1 minute in the start arm, the guillotine door was raised
and the rat was given 3 minutes to freely explore both choice arms.

Crossmodal object recognition with multimodal pre-exposure: The pre-exposure variant
of the CMOR task was identical to the task described above, except that 24 hours prior to
testing, rats were given a 2-minute pre-exposure to sample the familiar object stimuli in both
visual and tactile modalities. During pre-exposure, both the room lights and red lamp were
turned on and plexiglas panels were removed from the maze. Rats were placed in the start
arm of the maze for one minute. Then, the guillotine door was raised and the rat was given
two minutes to explore the pair of identical objects, placed in both arms of the Y-maze. If the
rat failed to explore the objects during this initial pre-exposure phase, the rat was given an
additional 2 minutes to explore the objects. If exploration did not occur during the entire 4
minutes, the animal was excluded.

Standard Object Recognition (SOR) Tasks

Tactile Standard Object Recognition: During both phases of testing, the room lights were
turned off and the red lamp was turned on. The designated familiar objects were placed in
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the two choice arms of the maze. During the sample phase, the rat was placed in the start
arm for one minute before being allowed to enter the maze and freely explore for three
minutes. If the rat was inactive for >1 min, it was moved to the center of the maze. After the
sample phase, the rat was returned to the home-cage for 5 minutes. During the test phase,
one identical copy of the familiar objects and one novel object were placed in the choice
arms and rats were given another three minutes to explore.

Visual Standard Object Recognition: During both phases of testing, the room lights were
turned on and the red lamp was turned off. Plexiglas panels were placed in the end of each
choice arm in front of the objects. During the sample phase, the designated familiar objects
were placed in the two choice arms of the maze. The rat was placed in the start arm for one
minute before being allowed to enter the maze and freely explore for three minutes. If the rat
was inactive for a period of time, it was moved to the center of the maze. After the sample
phase, the rat was returned to the home-cage for 5 minutes, which remained in the testing
room and covered with a black sheet. During the test phase, an identical copy of the familiar
object and one novel object were placed behind the transparent plexiglas panels in the choice
arms and rats were given three minutes to explore.

LEGO® Block Object Discrimination Task

Shaping: Shaping, training, and testing procedures were carried out in a truncated version of
those previously described (Johnson et al., 2017; Maurer et al., 2017). After all recognition
testing was completed, rats were placed on a restricted feeding protocol and began shaping
for the object discrimination task. During the shaping phase, rats were trained over five days
to retrieve a food reward (Froot Loops, Kellogg’s Company, Battlecreek, M) from one of
the two food wells on the choice platform. At the beginning of each shaping session, the rat
was placed in the start arm and given a piece of Froot Loop cereal. The rat was then guided
to turn and exit the start arm and traverse the arm to the choice platform. The rat was then
required to locate the food well with the piece of Froot Loop cereal. Once the rat had
obtained this food reward, it would return to the start arm and receive a second piece of
Froot Loop cereal. The side of the rewarded food well (left vs. right) was pseudorandomly
varied across shaping trials. Rats completed two days of shaping regardless of accuracy.

Standard Object Discrimination: To provide procedural training for the object
discrimination task, all animals first learned to discriminate between a pair of standard
‘junk’ objects similar to those used in CMOR and SOR tasks (plastic or ceramic figurines;
Figure 1D) before moving on to the final phase of LEGO object discrimination. During this
phase, one of the objects of the pair was assigned as the target object, always covering the
food well containing the food reward, while the alternate object served as a ‘lure” object.
The same pair of objects was used to train all rats in the study, however the object serving as
the target was counterbalanced across rats. Trials were identical to those during the shaping
phase, except that upon reaching the choice platform, rats were taught to displace the target
object to obtain the concealed food reward. In the case of an incorrect response, if the rat
chose to displace the lure object, the food reward and both objects were quickly removed
from the choice platform and the rat was required to return to the start location to initiate a
new trial. In the case of correct responses, in which the rat selected the target object, the rat
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was allowed to consume the food reward before returning to the start arm and receiving a
second food reward to initiate the next trial. Rats were trained for 5 sessions of 32 trials/day
before moving on to the LEGO object discrimination phase.

LEGO® Block Obiject Discrimination: Procedures for the LEGO object discrimination
phase were identical to those for the standard object discrimination phase, except that
objects were constructed from LEGO blocks to share approximately 63% of visible features
(Figure 1D; Johnson et al. 2017). Rats completed discrimination training sessions of 32
trials/day for 10 consecutive days.

Statistical Analyses

Rats were excluded from final analyses if they did not explore the stimulus objects during
sample or test phases of the task. Additionally, rats were excluded if they displayed
neophobic behavior, which was considered complete lack of exploration of the novel object
during the test phase. A number of animals were excluded due to lack of exploration. This is
likely due to many of the rats being overweight from ad libitum feeding, which can reduce
exploratory behavior. The current student chose not to food restrict during recognition
testing, as the aged rats are over conditioned relative to young, and therefore take longer to
reach comparable levels of motivation to explore for food (Hernandez, Hernandez, et al.,
2017; Johnson et al., 2016; S. A. Johnson et al., 2017). Such an interaction between
restriction and age that can confound the detection of age-related differences. Moreover,
over-restriction can also interfere with rats innate tendency to explore objects (Carter,
Leeuwenburgh, Daniels, & Foster, 2009). A chi-squared test for association revealed that
only in the standard CMOR task was age significantly associated with task exclusion (1] =
4.68, p = 0.03), with more aged rats being excluded. Importantly, when all rats were
included on this task, results of the final analyses were similar. Furthermore, there was not a
significant association between age and task exclusion for the CMOR task with pre-exposure
(x[1 = 0.04, p = 0.84), tactile-only standard object recognition (x 1) = 2.39, p = 0.12), or
visual-only standard object recognition (1) = 0.51, p = 0.47), meaning that rules for
exclusion of these tasks did not preferentially exclude aged over young rats.

Data are presented as mean values + standard error of the mean (SEM). Statistical analyses
were completed with IBM Statistical Package for the Social Sciences (SPSS) version 24 for
Windows. Independent samples t-tests were used to determine age-related differences in
behavioral performance. Paired-samples t-tests were employed to determine within-group
differences in behavioral performance. To determine if there were interactions between age
and mean exploration time of the familiar and novel objects, repeated-measures ANOVAs
were used with age as a between-subjects variable. Post hoc analyses were used where
applicable, most commonly simple contrasts with Bonferroni corrections applied. To
determine if discrimination ratio (time spent exploring the novel object relative to time spent
exploring the familiar object; Burke et al., 2010; 2011), significantly differed from chance
performance (equal time spent exploring each object, discrimination ratio = 0) and that rats
displayed preference for novelty (discrimination ratio > 0), a Bonferroni-corrected one-
sample t-test was used. Furthermore, Principal Components Analysis was performed on all
testing condition variables to determine if any particular components explained the variance
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in the original variables across age groups. Eigenvalues above 1.0 were considered
meaningful. Within components, loadings above 0.5 in either direction were considered
meaningful contributions. A K-means cluster analysis was used to determine homogenous
groups of good and poor performers of young and aged rats on the LEGO object
discrimination task to facilitate an analysis of preference for novelty on selected association
tasks, based on the results of the Principal Components Analyses. Across tests, significance
was considered for p-values less than 0.05.

Crossmodal Object Recognition Tasks

Standard crossmodal object recognition without multimodal pre-exposure—To
assess the ability of young and aged rats to recognize a familiar object that was learned in
one sensory modality and re-experienced in a different modality, rats were familiarized with
an identical object pair under a red light and then tested under lighted conditions in which
the familiar and novel test objects were placed behind a plexiglas screen. Access to tactile
information during familiarization but visual input during test requires animals to generalize
object features across distinct sensory inputs. Eighteen (18) aged rats and 25 young rats
showed adequate exploration during both epochs, and were included in the final analysis.
Table 1 shows the mean exploration times during the familiarization phases of all
recognition tasks for young and aged rats. For the standard CMOR task without pre-
exposure, the exploration times of young rats (mean = 8.94 seconds +/- 0.84) were not
significantly different from exploration times of aged rats (mean = 7.39 seconds +/- 1.10)
(Table 1). This suggests that potential age-related differences in object sampling during the
familiarization phase did not confound recognition in the test phase.

During the test phase, repeated-measures ANOVA indicated a significant main effect (novel
versus familiar), such that the time spent exploring the novel object was significantly greater
than the time spent exploring the familiar object (Figure 2A; F[y 417 = 6.73, p < 0.05).
However, the main effect of age on total exploration time during the test phase was not
significant (F[1 417 = 0.57, p = 0.46). While the interaction effect between object type (novel
versus familiar) and age also did not reach statistical significance (F[y 41) = 1.18, p = 0.28),
there was a trend for the young rats to explore the familiar object more than the aged rats
(tl41 = —1.76, p = 0.09). This trend between age groups was not observed in the exploration
times of the novel object (t[41; = —0.10, p = 0.93). Within age groups, time spent exploring
the novel object relative to the familiar object was significantly greater in the aged rats (t[17]
=2.39, p < 0.05), but not the young (t[24) = 1.17, p = 0.25). These data suggest that the aged
rats were able to use an experience in one modality to recognize an object in a different
modality.

Raw exploration times were used to calculate discrimination ratios for young and aged rats,
which summarize an animal’s tendency to explore the novel object over the familiar one.
There was a trend for the discrimination ratio of young rats to be lower when compared to
the aged rats (Figure 2B; tj41) = 1.80, p = 0.08). Moreover, when the discrimination ratio was
compared to 0 with one-sample t-tests for each age group separately, the aged rats (t[17) =
2.47, p < 0.05), but not young (t[24) = 0.23, p = 0.82), showed a discrimination ratio that was
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significantly different from 0. These data further support the notion that the aged rats were
able to use experience with an object in the tactile modality to recognize the same object in
the visual modality during crossmodal object recognition at short delays, and may even
show a preferential exploration of the novel object when it is exposed in a distinct modality
relative to young animals.

Crossmodal object recognition with multimodal pre-exposure—Previous studies
have shown that novelty preference on the CMOR task can be facilitated by giving rats a
brief pre-exposure to objects in which both tactile and visual information is available 24
hours prior to the testing session (Reid, Jacklin, & Winters, 2012; James M Reid, Jacklin, &
Winters, 2014). After excluding animals due to poor overall object sampling, 21 aged rats
and 22 young rats were included in the final analysis of the CMOR task with multimodal
pre-exposure. Analysis of raw exploration times during the 3-min pre-exposure phase
revealed that the mean exploration time of young rats (mean = 11.14 seconds +/- 1.4)
trended toward greater exploration time than aged rats (mean = 7.41 seconds +/- 1.32; tj4)
=-1.93, p = 0.06) (Table 1). During the familiarization phase, the mean exploration time of
young rats (mean = 7.35 seconds +/-0.12) was not significantly different from mean
exploration time of aged rats (Table 1; mean = 5.98 seconds +/- 0.98).

During the test phase, repeated-measures ANOVA indicated that the time rats spent
exploring the novel object was significantly greater than the time spent exploring the
familiar object (Figure 3A; F1 411 = 11.50, p = 0.02), despite the exploration time
differences between age groups during pre-exposure. The main effect of age did not reach
statistical significance (Fp 417 = 0.20, p = 0.66). Moreover, there was no significant
interaction effect between object (novel versus familiar) and age on exploration time (Fp1 41
=0.15, p = 0.70). Likewise, there was no significant difference in the time spent by aged and
young rats exploring the novel (tj41] = 0.47, p = 0.64) or familiar object (t41; = 0.22, p =
0.83). These data indicate that aged and young rats were similarly able to discriminate
between the novel and familiar object on the CMOR task with multimodal pre-exposure.
Consistent with these results, the mean discrimination ratio of young rats was not
significantly different from that of the aged rats (Figure 3B; tj41) = 1.24, p = 0.22).
Importantly, the mean discrimination ratio of all rats together was significantly different
from O (t[42) = 4.52, p < 0.001; one-sample t-test), further indicating preference for the novel
object in both young and aged rats when multimodal pre-exposure was provided.

Comparison across CMOR Tasks—A repeated-measures ANOVA on the
discrimination ratio variable was used to assess a potential difference between performance
on the two different CMOR tasks in young and aged rats. The ANOVA indicated that the
difference between the discrimination ratios of the CMOR tasks with and without
multimodal pre-exposure was not significant (F[1 29) = 2.45, p = 0.13). The main effect of
age, however, approached significance (F[1,29] = 3.55, p = 0.07), with aged rats having
higher discrimination ratios. The interaction effect between CMOR task (with and without
pre-exposure) and age on discrimination ratio was also not significant (F[; 291 = 0.91, p =
0.35). Interestingly, Bonferroni-corrected post-hoc analyses of the between-subjects effect of
age revealed a nearly significant difference between CMOR task performance for young rats
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(Ff1,201 = 3.79, p = 0.06), but not for aged rats (F[1,29) = 0.16, p = 0.69). This suggests that,
in the young rats, but not the aged, recognition performance may have benefitted from the
multimodal pre-exposure epoch. Alternatively, it is conceivable that the young rats identified
a familiar object experienced in a new modality as novel, which is consistent with their
slightly elevated exploration times of the familiar object.

Standard Object Recognition Task Performance

To control for potential sensory deficits that could confound CMOR performance, all
animals completed two versions of the SOR task: 1) tactile-only SOR task, in which both
familiarization and test phases were conducted under red light with no access to visual
information, 2) visual-only SOR task, in which lights were on, but the objects were placed
behind transparent plexiglas screens for both the familiarization and test phases. After
animals with low object sampling during the familiarization phase were removed, 17 aged
rats and 23 young rats were included in the analysis of performance on the tactile-only SOR
task. Additionally, 18 aged rats and 21 young rats were included for the visual-only SOR
task.

Tactile standard object recognition—During the familiarization phase, the exploration
times of young rats (mean = 10.80 seconds +/- 0.89) were not significantly different from
the exploration times of aged rats (Table 1; mean = 10.69 seconds +/- 1.51). Moreover,
during the test phase, repeated-measures ANOVA indicated that the time spent exploring the
novel object was significantly greater than the time spent exploring the familiar object
(Figure 4A; F1,39) = 11.80, p < 0.01). The main effect of age on total exploration time
during the test phase, however, was not significant (F1 391 = 0.06, p = 0.81). The interaction
effect between object type (novel versus familiar) and age also did not reach statistical
significance (Fp1,39) = 0.05, p = 0.82). Consistent with the interpretation that young and aged
rats had a similar preference for the novel over the familiar object in the tactile-only
condition, there was not a statistically significant difference in the time aged and young rats
spent exploring the novel object (Figure 4B; F[39) = =0.05, p = 0.96) or the familiar object
(tr391 = =0.33, p = 0.75). Finally, the mean discrimination ratio of all rats was significantly
different from O (tj40; = 5.90, p < 0.001; one-sample), and discrimination ratios of young and
aged rats did not significantly differ (t[3g) = 0.54, p = 0.59).

Visual standard object recognition—During the familiarization phase, the exploration
times of young rats (mean = 8.55 seconds +/- 1.83) were not significantly different from the
exploration times of aged rats (Table 1; mean = 7.26 seconds +/- 1.69). During the test
phase, repeated-measures ANOVA indicated that the time spent exploring the novel object
was not significantly greater than the time spent exploring the familiar object (Figure 4A;
Fr1,38) = 0.94, p = 0.34). The main effect of age on total exploration time during the test
phase was also not significant (F[y 3g) = 1.05, p = 0.31). The interaction effect between
object type (novel versus familiar) and age also did not reach statistical significance (F[1,3g]
=0.01, p = 0.92). While the total exploration times for the novel versus familiar objects did
not significantly differ, the mean discrimination ratio of all rats was significantly different
from 0 (Figure 4B; t[39) = 2.69, p = 0.01; one-sample t-test). The discrimination ratio did not
significantly differ between the young and aged rats (t3g) = 0.18, p = 0.86). These data
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suggest that in the visual-only condition, with no tactile input, both young and aged rats
discriminated between novel and familiar objects.

LEGO® Obiject Discrimination Task Performance

Twenty-one (21) aged and 22 young rats that participated in the CMOR task were tested for
two days on a standard object discrimination task (Figure 1C, top panels) to acquire the
procedural aspects of displacing 3-dimensional objects to retrieve a food reward. Rats then
completed 10 consecutive days of the LEGO object discrimination task (Figure 1C, bottom
panels). To study only the rats that met inclusionary criteria for both CMOR tasks, 11 aged
and 13 young rats were included in the final analyses of the LEGO object discrimination
task.

Standard object discrimination—Performance on the standard object discrimination
task was represented by mean percent correct responses out of the 32 trials completed each
day. A repeated-measures ANOVA with the within-subjects factor of test day (day 1 versus
day 2) and between-subjects factor of age revealed that there was not a significant difference
between performance of rats on day 1 versus day 2 of standard object discrimination training
(Figure 5; F[1,417 = 0.16, p = 0.69). Additionally, the main effect of age (Ffy,41) = 0.07, p =
0.79) and the interaction of day of testing and age were not significant (F[1 417 = 0.36, p =
0.55). This suggests aged and young rats did not differ in their rate of procedural learning of
the discrimination task.

LEGO object discrimination—First, a repeated-measures ANOVA with the within-
subjects factor of test day and between-subjects factor of age was used to compare
performance across days of testing for young and aged rats that were included in the CMOR
tasks. Due to the fixed number of trials and testing days completed, each rat performed the
same number of problems and had identical exposure to the objects. Performance on the
LEGO object discrimination task was taken as mean percent correct responses out of the 32
trials completed each day. During the first several days of testing, rats were performing at or
below chance and were still acquiring the procedural aspects of the task. Thus, analyses of
test performance began on day 3, which is the first day that average performance
significantly differed from chance (Tp21 = 2.92, p < 0.01). The ANOVA on test days 3-10
revealed a significant overall effect of testing day on task accuracy (Figure 6A; F71) =
11.48, p < 0.001). The main effect of age was not significant (F 21 = 2.62, p = 0.12),
however, the interaction between testing day and age was significant (F[71; = 2.90, p =
0.007). Thus, post hoc tests were assessed to compare mean percent correct scores on all
days between age groups. The mean percent accuracy of young rats was significantly better
than aged rats on day 10 (Figure 6B; Fy1,21] = 9.88, p = 0.005), reflecting the higher
discrimination task accuracy of young rats over test days compared to aged rats.

Relationship Between Crossmodal Object Recognition and Discrimination
Performance—To determine the patterns of association among performances on the five
different behavioral tasks, discrimination ratio measures of recognition performance and
percent correct on Day 10 of LEGO object discrimination testing were subject to principal
component analysis (PCA). PCAs were performed separately for each age group to
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determine whether tasks clustered differently for young and aged rats. For young rats, a PCA
with a varimax rotation was performed due to the occurrence of split loadings. This analysis
revealed no problematic redundancies for any task variables (problematic redundancy > 0.7
across multiple components). According to total variance explained, a model using the top
two components (Eigenvalues > 1.0), explained 70.50% of the variance in the performance
indicators, with the first component accounting for 38.56% of the variance. ltem
communalities were moderate to high (ranging from 0.66 to 0.91) for all items except
Visual-only SOR, which was low (0.43).

In the young rats PCA indicated that, the standard CMOR task without multimodal pre-
exposure and the LEGO object discrimination task both positively loaded onto the first
component (0.91, 0.87), while the Tactile-only SOR contributed to a negative loading
(=0.58). This suggests that young rats with better CMOR performance with no stimulus pre-
exposure were also better at discriminating between similar stimuli, but worse at recognition
in the tactile modality. CMOR with multimodal pre-exposure, tactile-only SOR, and visual-
only SOR all positively loaded onto the second component (0.86, 0.57, 0.66). These data
indicated that for young rats, in which an association between the visual and tactile features
of the object were established during pre-exposure, recognition performance reflected more
preference for the novel object in both the tactile and visual modalities.

For aged rats, the PCA revealed no problematic redundancies of any task variables
(problematic redundancy > 0.7 across multiple components). According to total variance
explained, a model using the top two components (Eigen values > 1.0), explained a total of
82.98% of the variance in the performance indicators, with the first component accounting
for 48.13% of the variance. Iltem communalities were moderate to high (ranging from 0.77
to 0.99) for all items, lending further support to the consideration of two components.

According to the PCA, the LEGO object discrimination task and the tactile-only SOR task
positively loaded onto the first component (0.84 and 0.70, respectively), while the standard
CMOR task and the CMOR task with multimodal pre-exposure did not (—0.80 and -0.75,
respectively). This suggests that while tactile recognition is associated with better
discrimination performance, the aged rats that performed below the mean on the LEGO
object discrimination task, showed a greater preference for the novel over the familiar object
when the familiar object was encountered in a distinct modality. This indicates that poor
discriminators were better able to associate visual and tactile features in order to recognize a
previously experienced object. Performance on the visual-only SOR task loaded strongly
onto the second component (0.99), while tactile-only recognition had a negative loading
(-0.51). These data suggest that rats with better recognition performance in the tactile
modality had worse performance in the visual modality.

Together, the PCA results indicated that day 10 LEGO object discrimination performance in
aged rats was negatively related to performance on CMOR tasks. Conversely, performance
of young rats on the LEGO object discrimination task was associated with better recognition
on the standard CMOR task. To further examine these relationships, we compared
performance on the CMOR tasks between rats that were good or poor performers on LEGO
object discrimination. To do this, a K-Means cluster analysis was used to determine whether
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the discrimination data on day 10 (Figure 6) significantly fit a bimodal distribution. This
analysis revealed a significant bimodal distribution for aged rats (F[17; = 50.71 p < 0.001).
For young rats, the K-Means Cluster Analysis also revealed a significant bimodal
distribution of performance on Day 10, with 14 rats performing at or around a mean of
90.95% and 8 rats performing at or around a mean of 53.5% (Fpq) = 112.11, p < 0.001).
Because of the bimodal distribution of performance of both aged and young rats in the
LEGO object discrimination task, both age groups were separated into subgroups of “Good
Performers” and “Poor Performers” based on whether each rat performed above or below
their respective group mean on the final day of LEGO object discrimination testing (Day
10). To determine whether rats’ abilities to generalize across modalities without multimodal
pre-exposure related to object discrimination performance, one-sample t-tests comparing the
CMOR discrimination ratio to 0 were calculated for each of the four different discrimination
groups (Aged Good and Poor Performers, and Young Good and Poor Performers). Only the
discrimination ratio of Aged Poor Performers on the standard CMOR task was significantly
different from O (g} = 2.60, p = 0.03) (Figure 7A). The discrimination ratios of Aged Good,
Young Good, and Young Poor Performers were not significantly different from 0 (t4) =
—0.59, p = 0.59; t[g; = 1.63, p = 0.14; t[g) = —0.60, p = 0.57; respectively). These data suggest
that aged rats with worse discrimination performance were better able to associate object
features across sensory modalities.

To determine whether rats’ abilities to associate across modalities when they were pre-
exposed to test objects related to LEGO object discrimination performance, the
discrimination ratios on the CMOR task with multimodal pre-exposure was compared to 0
with one-sample t-tests for all 4 LEGO object discrimination groups separately. Similar to
the results described above, only the discrimination ratio of Aged Poor Performers on the
CMOR with multimodal pre-exposure task was significantly different from 0 (tg) = 3.99, p
= 0.007) (Figure 7B). Discrimination ratios of Aged Good, Young Good, and Young Poor
Performers were not significantly different from 0 (t(s) = 1.23, p = 0.27; t[g; = 1.66, p = 0.14;
tis) = 1.46, p = 0.20; respectively). Together, these data suggest aged rats with the best
associative abilities perform worse during perceptually similar discrimination testing.
Notably, this inverse relationship between PRC-dependent behaviors is not observed in
young animals.

Discussion

The current study aimed to investigate the relationship between two distinct perirhinal
(PRC)-cortical dependent abilities in the context of cognitive aging. To assess this question,
aged and young rats were cross-characterized on PRC-dependent crossmodal recognition
(CMOR) tasks and a LEGO object discrimination task. On the CMOR tasks, with and
without pre-exposure to test objects, aged rats explored the novel object more than the
familiar object. Thus, old animals were able to associate object features across visual and
tactile modalities (Figure 2A, 3A). This observation is consistent with data from older adults
showing that binding of individual visual features for objects does not decline in advanced
age (Hoefeijzers, Gonzalez Hernandez, Magnolia Rios, & Parra, 2017; Isella, Molteni,
Mapelli, & Ferrarese, 2015; Parra, Abrahams, Logie, & Sala, 2009; Read, Rogers, &
Wilson, 2016).
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One aspect of the current data is the high exclusion rate of both aged and young rats due to
insufficient exploration of sample or pre-exposure objects. While food and weight restriction
are not commonly reported in standard object recognition procedures, this practice is
frequently used to increase exploratory behavior. Brief caloric restriction procedures in the
Fischer 344 x Brown Norway F1 hybrid rats used here, however, are difficult in aging
studies due to the differential restriction responses of young and aged rats. Specifically, aged
rats of this strain are over conditioned relative to young, and therefore take longer to reach a
comparable level of motivation to explore for food (Hernandez, Hernandez, et al., 2017; S.
A. Johnson et al., 2017). This can be normalized across age groups over long restriction
protocols, as utilized in the object discrimination experiment reported here. Over-restriction,
however, can result in reductions in exploratory behavior in spontaneous object recognition
tasks (Carter et al., 2009). Thus, the CMOR and SOR procedures used here did not employ
any restriction, which may have contributed to some animals showing less exploratory
behavior. Nonetheless, there was a significant interaction between association and
discrimination abilities in aged rats.

The observation that advanced age does not result in reduced ability to recognize an object
in multiple modalities on a PRC-dependent CMOR task may appear somewhat surprising in
the context of previously reported age-associated changes in PRC neuron activity (Burke,
Hartzell, Lister, Hoang, & Barnes, 2012; S. N. Burke et al., 2014; Maurer, Burke, Diba, &
Barnes, 2017), and reductions in the BOLD signal in the PRC of older adults (Lee et al.,
2012). Moreover, age-associated changes in the biochemistry of PRC have also been widely
reported (Liu, Chary, et al., 2008; Liu, Gupta, Jing, & Zhang, 2008; Liu, Jing, Collie, Chary,
& Zhang, 2009; Liu, Jing, & Zhang, 2009; Liu, Smith, & Darlington, 2008; Moyer, Furtak,
McGann, & Brown, 2011). While the current behavioral data may appear in conflict with the
neurobiology, the aged rats in the current study performed worse, compared to young rats, at
discriminating between objects that shared features (Figure, 6B; S. A. Johnson et al., 2017).
The observed discrimination deficits with age are consistent with data from humans (Reagh
et al., 2015; Stark, Stevenson, Wu, Rutledge, & Stark, 2015; Stark et al., 2013; Toner et al.,
2009; Yassa et al., 2010; Yassa, Mattfeld, Stark, & Stark, 2011), monkeys (S. N. Burke et al.,
2011), and rats (Burke, Wallace, Nematollahi, Uprety, & Barnes, 2010; S.A. Johnson et al.,
2017). Together the current data, along with previous reports, indicate that advanced age
dissociates associative versus discrimination functions of the PRC, with the latter being
particularly vulnerable to normative aging processes.

In support of the dissociation between PRC-dependent association and discrimination,
principal component analysis (PCA) revealed that for the aged rats only, poorer performance
on the LEGO object discrimination task was associated with better recognition on both
CMOR tasks. In contrast, young rats with higher discrimination ratios in the standard
CMOR task tended to perform better at LEGO object discrimination. To further explore the
relationship between crossmodal association and discrimination suggested by the PCA,
young and aged rats were subdivided into groups of poor and good performers on the LEGO
object discrimination task based on Day 10 percent correct, and CMOR performance was
examined within these subgroups. Interestingly, aged rats that performed poorly on the
LEGO object discrimination task showed a significant preference for novelty on both
CMOR tasks, while aged rats that were good discriminators did not. This relationship did
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not exist in young rats. The dissociation of discrimination and association abilities strictly in
aged rats suggests that association and discrimination rely on distinct PRC-dependent
computations that are differentially impacted by age-related processes. Moreover, while the
young PRC may be able to support both the ability to associate and discriminate, aged PRC
circuits that maintain an ability to support stimulus discrimination may do so at the expense
of computations critical for associative memory. One potential caution to be considered in
the current data, however, is the possibility that a task order effect could have differentially
impacted the young and aged rats, as object recognition testing always preceded object
discrimination testing. While it is unlikely that PRC impairments developed over the 2-3
weeks between when recognition testing ended and discrimination testing began, this
possibility will need to be explored further.

The variability in aging phenotypes observed in the current data may partially account for
discrepant findings regarding associative memory deficits in older adults (e.g., Memel &
Ryan, 2017; Naveh-Benjamin, 2000). Additionally, these findings support an emerging
framework in which the PRC supports different levels of sensory processing via
participation in two parallel networks that are reciprocally connected to the postrhinal
cortex. One network, is involved in the formation of gist-like associations, and could be
critical for CMOR task performance. The other network is critical for representations of
specific sensory details that may be required for discrimination when stimuli shared features.
Available data, along with the data reported here, indicate that the detail network may be
particularly vulnerable in advanced age (Burke et al., /n press).

The preservation of crossmodal association with age is supported by recent findings showing
that visual integration, allowing for the unitization of objects with compatible scenes,
improves the associative memory of older adults (Memel & Ryan, 2017). This is presumably
due to an automatic process of object-context binding that occurs during encoding, and does
not decline in older adults (Memel & Ryan, 2017). A similarly positive impact of semantic
integration on associative memory has been previously found for verbal material in young
(Bader, Mecklinger, Hoppstadter, & Meyer, 2010), and older adults (Bastin & Van der
Linden, 2003);(Biss, Campbell, & Hasher, 2013; D’Angelo, Noly-Gandon, Kacollja,
Barense, & Ryan, 2017; Zheng, Li, Xiao, Broster, & Jiang, 2015). It has been suggested that
this is due to older adults’ predisposition to the “hyper-binding’ of randomly co-occurring
stimuli in their environment, leading to association of information with short temporal
distance (Campbell, Hasher, & Thomas, 2010).

It is important to note that there was a trend for the discrimination ratio of young rats to be
lower when compared to aged rats on the standard CMOR task, which may suggest that
young rats’ reduced exploration of the familiar object in a novel context was “adaptive” and
that this recognition of novel object-context pair was absent in the aged rats, resulting in
contradictory “better” performance on the CMOR task. An additional caveat of the current
data is that exploration-based recognition memory paradigms are prone to the influence of
other moderating variables that may impact exploration, such as anxiety, neophobia, fatigue,
lack of appetite/motivation, and task experience. These factors are especially important to
consider in an aging cohort in which age groups may respond differently to elements of the
experimental design such as food restriction. Moreover, despite the Latin Square design used
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to vary recognition testing order, it is feasible that task performance may have been impacted
by experience differentially in aged and young rats. Due to the varied impact of these factors
across age groups, our interpretation of the data presented here favors a synthesis of the data
obtained from the different behavioral paradigms and the significant negative relationship of
task performance in aged rats between association and discrimination abilities. Specifically,
our interpretation of aged rats’ behavior on the CMOR tasks is dependent on the relationship
to their behavior on the discrimination task. Together, these data suggest that there is a
dissociation between association and discrimination abilities within the PRC network.

The current data have implications for the clinical assessment of age-related disease and
distinguishing between cognitive decline occurring in normal aging versus preclinical
Alzheimer’s disease (AD). The ability to discriminate between stimuli that share features
may ubiquitously decline in both aging and the early stages of Alzheimer’s disease (Bakker,
Albert, Krauss, Speck, & Gallagher, 2015; Bakker et al., 2012; S.A. Johnson et al., 2017;
Yoder et al., 2017). This lack of specificity for detecting impairments in normal aging versus
disease could mitigate the utility of using discrimination-based tasks for the early detection
of pathology. In contrast to discrimination, several studies have shown that the binding of
different object features remains intact in healthy aging (Hoefeijzers et al., 2017; Isella et al.,
2015; Parra et al., 2009; Read et al., 2016). In contrast, the binding of different stimulus
features, which is critical for successful CMOR performance, is vulnerable in early stages of
Alzheimer’s disease (Cecchini et al., 2017; Della Sala, Kozlova, Stamate, & Parra, 2016;
Parra et al., 2017) and even shows declines in asymptotic carriers of familial Alzheimer’s
disease (Parra et al., 2011). These data indicate that neuropsychological assessment to detect
preclinical Alzheimer’s disease should include tests of feature binding, similar to the CMOR
procedures used in the current paper. This approach may optimize the therapeutic window
by enhancing our clinical detection of early pathological accumulation.
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Figure 1. Experimental design
(A) Timeline of testing for all behavioral experiments. The order of object recognition

conditions was pseudorandomized across animals. (B) Line drawing representing the testing
apparatus for the object recognition task. The black circles indicate the location that objects
were placed during all phases of recognition testing. Photographs show all objects that were
used for recognition testing. Objects were made of plastic or ceramic. Triplicates of each
object were obtained for testing to ensure that rodents could not use odorant cues to
recognize or discriminate between objects and the novel versus familiar object within a task
were counterbalanced across rats. (C) Line drawing representing the testing apparatus for the
object discrimination task. The black circles indicate food wells where the food reward is
placed for the rat to obtain. The blue ring in the right arm of the object discrimination
apparatus represents the Froot Loop piece placed in the arm to be retrieved by the rat at the
start of each trial. Photographs show the standard (top) and LEGO (bottom) objects used in
the discrimination tasks.
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Figure 2. Standard Crossmodal Object Recognition (CMOR) without multimodal pre-exposure
performance

(A) Mean exploration time (seconds) for the novel and familiar objects in young (white) and
aged (grey) rats. The main effect of object (novel versus familiar) was significant with more
time spent exploring the novel object (F[y 417 = 6.73, p < 0.05). However, the main effect of
age on total exploration time was not significant (F[1 417 = 0.57, p = 0.46). While the
interaction effect between object type (novel versus familiar) and age also did not reach
statistical significance (F[1 417 = 1.18, p = 0.28), there was a trend for the young rats to
explore the familiar object more than the aged rats (t[41) = —=1.76, p = 0.09). (B) Mean
discrimination ratio for young (white) and aged (grey) rats. The aged rats (T[17)=2.39, p <
0.05), but not young (T24; = 1.17, p = 0.25), showed a discrimination ratio that was
significantly different from 0.
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Figure 3. Crossmodal Object Recognition (CMOR) with multimodal pre-exposure performance
(A) Mean exploration time (seconds) for the novel and familiar objects in young (white) and

aged (grey) rats. Significantly more time was spent exploring the novel object relative to the
familiar object (Fpy,41) = 11.50, p = 0.02). However, there was not a significant main effect
of age (F[1,417 = 0.20, p = 0.66), nor was the interaction between exploration time and age
significant (F[1 417 = 0.15, p = 0.70). (B) Mean discrimination ratio in young (white) and
aged (grey) rats. The discrimination ratio of young and aged rats did not significantly differ
between the age groups (tj41) = 1.24, p = 0.22), but were significantly different from 0 (tj42
=4.52, p <0.001).
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Figure 4. Comparison of Visual and Tactile Standard Object Recognition (SOR) Performance
across Age Groups

(A) Mean exploration time (seconds) for the novel and familiar objects in young (white) and
aged (grey) rats for the tactile- and visual-only SOR tasks. For the tactile-only SOR task,
rats spent significantly more time exploring the novel compared to the familiar objects
(F[1,391 = 11.80, p < 0.01). This did not vary as a function of age group (Fy,3g) = 0.06, p =
0.81). For the Visual-only SOR task, there were not significant effects of exploration time of
novel versus familiar objects (F[1 3g) = 0.94, p = 0.34), age (F[1,3s; = 1.05, p = 0.31), or
interaction between exploration time and age (Fpy,3g) = 0.01, p = 0.92). (B) Mean
discrimination ratios for the tactile and visual-only SOR tasks in young (white) and aged
(gray) rats. Discrimination ratios of young and aged rats did not significantly differ in the
tactile-only SOR task (t3g) = 0.54, p = 0.59) or in the visual-only SOR task (t[3g = 0.18, p =
0.86). The discrimination ratio was significantly different from 0, however, for both the
tactile-only SOR task (tj40) = 5.90, p < 0.001) and the visual-only SOR task (t[39) = 2.69, p =
0.01).
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Figure 5. Standard Object Discrimination Performance by Age Group
Standard object discrimination percent correct (%) as a function of test day in young (white)

and aged (grey) rats. Performance did not significantly differ between test day (F[y 41] =
0.16, p = 0.69), or age group (F[1,417 = 0.07, p = 0.79). Moreover, the interaction effect
between testing day and rat age was not significant (Fpy 417 = 0.36, p = 0.55).
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Figure 6. LEGO Object Discrimination Performance by Age Group
(A) LEGO object discrimination percent correct (%) as a function of test day in young

(white) and aged (grey) rats. The main effect of testing day on LEGO object discrimination
task performance was significant (F7,1) = 11.48, p < 0.001). The main effect of age (F[1,21
=2.62, p = 0.12). Notably, the interaction of testing day and age was significant (F[7 1] =
2.90, p = 0.007) when collapsed across test days 3 through 10. Performance was
significantly different between young and aged rats on day 10 (Fy,21 = 9.88, p = 0.005). (B)
Individual performance on LEGO object discrimination on Day 10 in young and aged rats.
Horizontal lines indicated group means.

Behav Neurosci. Author manuscript; available in PMC 2019 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gaynor et al.

A

Discrimination Ratio

0.8 1

0.6 1

0.4 4

0.2 4

Page 27

0.8 1

0.6 4

0.4 4

0.2 4

._
—_—
Discrimination Ratio

Good Poor Good Poor

Aged

Good Poor Good Poor

Aged

Young

Young

Figure 7. CMOR performance within LEGO object discrimination performance subgroups
(A) Mean discrimination ratio for the standard CMOR task without multimodal pre-

exposure in young and aged rats separated into good and poor performing subgroups based
on mean LEGO object discrimination percent accuracy. Only the Aged Poor Performers
showed a significant preference for novelty on the standard CMOR task (tg) = 2.60, p =
0.03). (B) Same as in A, but for the CMOR with multimodal pre-exposure task. Again, only
the Aged Poor Performers showed significant preference for novelty (ts) = 3.99, p = 0.007).
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