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ABSTRACT: The perirhinal cortex (PRh) is a critical mediator of recognition memory, and a wealth of evidence 

points to impairment in PRh function with age.  Despite this evidence, age-related deficits in recognition memory 

are not consistently observed. This may be partially due to the fact that older animals also have well-established 

deficits in hippocampal function, and many protocols that assess perirhinal function are also sensitive to 

hippocampal damage.  When using one of these protocols, spontaneous object recognition in an open field, we 

are able to replicate published age-related deficits using pairs of complex objects.  However, when using zero-

delay object recognition, a task that is more resistant to the influence of changes in hippocampal function, we 

find no significant age-related differences in recognition memory in the same animals.  These data highlight the 

importance of the protocol used for testing recognition memory, and may place constraints on the role of the PRh 

in age-related recognition memory impairment as it is typically tested in much of the literature. 
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Normal aging is associated with changes in many 

cognitive functions, including memory.  While different 

types of memory processes involve the participation of a 

distributed network of brain structures, certain regions 

can play a more predominant role in one form of memory 

over another.  Identification of these regions helps 

researchers relate changes in behaviour to neuronal 

mechanisms. In turn, this understanding is critical to 

developing therapeutic targets for the promotion of 

successful cognitive ageing.  Within this context, object 

recognition memory and how it changes over the lifespan 

has been the subject of intense study.   

Work with animal models has focused predominantly 

on variations of the spontaneous object recognition (SOR) 

task [1] that capitalizes on rodents’ innate tendency to 

explore novel objects more than familiar ones. Although 

many studies report age-related deficits in this task (e.g., 

[2-14]), others do not (e.g., [12-17]).  Thus, our 

understanding of recognition memory and how it changes 

with age can be furthered by attempting to resolve this 

discrepancy in the evidence.   

One factor to consider is the contribution of different 

brain regions to performance under different testing 

protocols.  Although specific brain regions certainly play 

a predominant role in specific mnemonic functions, 
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memory undoubtedly involves the participation of 

multiple highly overlapping sets of brain structures. The 

perirhinal cortex (PRh) has long been considered the 

primary mediator of object recognition memory due to its 

role in representing high-order sensory information [18].  

There is evidence, however, that the hippocampus is also 

capable of mediating perceptual learning [19] and may 

play a role in these tasks, at least under some 

circumstances (e.g., [20-23]).  In fact, the majority of 

previous work showing age-related deficits in SOR has 

been done under circumstances in which the hippocampus 

may contribute – with testing conducted in open fields and 

with delay intervals during which animals are removed 

from the environment.  This is problematic considering 

that ageing is associated with deficits in a broad range of 

hippocampus-dependent tasks [24]. Varying the testing 

protocol, however, may provide measurements of 

recognition memory that are more resilient to changes in 

hippocampal function.  For instance, tasks in which 

animals are removed from the testing apparatus between 

exposure an object and recognition testing are far more 

susceptible to impaired hippocampal function [25] 

relative to tasks in which animals remained in the test 

apparatus during the retention interval [26].  Moreover, 

testing in a more confined space with high walls can 

reduce contextual cues and thus minimize the 

hippocampal contribution to performance.  Testing under 

these circumstances results in tasks, such as zero-delay 

object recognition (ZOR), that are sensitive to damage to 

the perirhinal cortex and not the hippocampus (e.g., [27]).  

Although these variations have the potential to provide a 

more accurate assessment of perirhinal function across the 

lifespan, they have yet to be implemented in testing older 

animals.   

While it has long been known that ageing spares 

performance in some types of memory tasks and not 

others, the ZOR and SOR have been presented as 

equivalent tasks in the sense that they are thought to tax 

the same memory abilities and object recognition 

network.  More specifically, tasks with at least some of 

the features of ZOR (particularly having the task occur in 

a Y-maze and with little or no delay) are commonplace in 

the “basic” literature on recognition memory, while these 

types of tests are relatively rare in the context of ageing 

research.  This is only problematic, however, if these 

variations in testing protocol produce meaningful 

differences in results.  To test the hypothesis that testing 

protocols affects recognition memory performance in 

older animals, the current study assessed young (6 

months), middle-aged (12 months) and aged (24 months) 

F344 rats both in SOR and ZOR.  Spatial learning was 

also assessed using the Morris water maze [28]. 

MATERIALS AND METHODS 

 

Subjects 

 

Twenty-nine male Fischer 344 rats (bred from stock 

originally obtained from Envigo, Indianapolis, IN) were 

used for these studies, at three age ranges:  young (4-6 

months, n = 9), middle-aged (11-13 months, n = 9) and 

aged (23-25 months, n = 11).  All animals were housed 

in standard housing (home cages) under a 12:12 light/dark 

cycle and were given food and water ad libitum.  All 

animals were experimentally naive at the beginning of the 

testing described here. All procedures were approved by 

the Wilfrid Laurier University Animal Care Comittee, in 

accordance with the Canadian Council on Animal Care 

procedures and guidelines. 

All animals were first tested in the Morris Water 

Maze [28], followed by the zero-delay object recognition 

(ZOR) task [27], and then in a spontaneous object 

recognition (SOR) task [1]. Each of these tasks is 

described below. All animals were handled for 7 days 

prior to training, and at least 5 days passed between tests.  

In all tasks, animals were tracked using an overhead video 

camera and Any-maze software (Stoelting, Kiel, WI, 

USA). 

In the ZOR and SOR, object pairs were counter-

balanced between and within animals across both tasks.  

All objects were junk items purchased from local stores 

and included dog toys, children’s toys, and small 

household decorative items such as candlesticks (see Fig. 

1A).  Investigation of an object was defined by the rat 

physically interacting with the item (i.e., rearing, biting) 

or sniffing the object (i.e., nose twitching while oriented 

toward the objects and within 2 cm). 

 

Morris Water Maze 

 

In order to assess hippocampal function and to be able to 

compare this performance with recognition memory, all 

animals were tested on their spatial memory performance 

in the Morris water maze (MWM) as previously 

described [29,30].  Briefly, a 1.83 m diameter circular 

maze was located in a well-lit room containing prominent 

visual cues and filled with water at 25 ± 1°C made opaque 

with tempura paint (Scholar’s Choice, Kitchener, ON). 

The rats received 6 spatial learning trials per day for 4 

days. Rats were placed into the water facing the maze 

wall at one of four start positions (i.e., North, West, 

South, and East) at the beginning of each trial. Rats could 

escape on a 12-cm diameter platform located ~1cm below 

the water surface. If an animal failed to reach the platform 

within 120 s, it was guided there by the experimenter.  

Every trial ended with the rat on the platform for 30 s. 
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Following spatial training, a 60-s probe trial tested 

retention of the platform location when the platform was 

removed.  This was followed by 6 visible platform trials 

immediately following the probe trial (i.e., on training 

day 4), and another 6 visible platform trials the following 

day (i.e., training day 5).  On these trials, the platform 

was marked and protruded above the waterline.  

Performance on these trials is intended to assess whether 

age-related differences in spatial trials can be attributed 

to deficits visual acuity or motor ability.    

 

Zero-Delay Object Recognition Task 

 

The ZOR task was conducted as previously described [27] 

in order to provide a test of object recognition that has 

been demonstrated as being resistant to changes in 

hippocampal function. Briefly, animals were habituated to 

the Y-shaped maze (40 cm long arms, 45 cm high walls) 

by exposing them to the apparatus for 10 min per day for 

two consecutive days. Following this, animals were 

exposed to object pairs under two conditions: an easy 

condition and a hard condition.  Each test consisted of 

three phases: sample phase1, sample phase 2, and a choice 

phase (Fig. 1B). All object sets used in a given trial were 

placed in the apparatus before the rat was placed in the 

start box. The rat was then placed in the start box with the 

guillotine door lowered. The guillotine door was then 

raised to allow the rat into the exploration area of the 

apparatus. When the rat exited the start box, the guillotine 

door was lowered to prevent re-entry, and the sample 

phases began. In the hard condition, two duplicate sets of 

sample 1 object pairs (AB) were revealed to the rat upon 

exiting the start box.  Although the two pairs were 

identical, each pairing consisted of two different objects 

(i.e., a pair made up of a ball and a candlestick was 

presented alongside another pair of objects made up of a 

ball and a candlestick).   Sample phase 1 ended when the 

rat had explored any combination of the identical objects 

for 25 sec. Upon completion of exploration of sample 1 

stimuli, the sample 1 stimuli were removed, the door was 

opened between sample 1 and sample 2, and the rat was 

immediately shown the sample 2 (CD) stimuli. After 

exploring sample 2 objects for 25 sec, the stimuli were 

removed, the door between sample 2 and choice was 

opened, and the novel and familiar (AB) stimulus pair 

were immediately presented to the rat in the choice phase 

for 5 min. The easy condition was identical to the hard 

condition except that in the easy condition, as a pair of 

new objects (EF) the rat had not encountered before, while 

in hard condition, the object was a novel configuration of 

familiar objects (AC).  All rats were tested in both the hard 

and easy conditions, and the order of testing as well as the 

objects used were counterbalanced between animals. 

Each age group’s mean time spent exploring each object 

pair under each condition is shown in Table 1.  

 

 

Table 1. Mean object exploration time across all conditions 

 

Age (months) Task Condition Novel object exploration time (sec)1 Familiar object exploration time (sec)1 

4-6 SOR Easy 25.29 ± 4.86 19.29 ± 2.15 

  Hard 19.57 ± 2.94 21.19 ± 3.66 

 ZOR Easy 18.75 ± 4.17 19.12 ± 6.81 

  Hard 18.01 ± 1.89 17.11 ± 2.42 

11-13 SOR Easy 29.4 ± 5.58 23.2 ± 2.99 

  Hard 19.0 ± 2.09 18.4 ± 3.01 

 ZOR Easy 22.29 ± 3.76 18.29 ± 5.05 

  Hard 29.1 ± 7.75 24.88 ± 11.40 

23-25 SOR Easy 22.56 ± 3.50 24.11 ± 6.87 

  Hard 25.78 ± 7.82 23.1 ± 10.89 

 ZOR Easy 19.45 ± 4.17 18.72 ± 6.81 

  Hard 21.09 ± 7.67 21.00 ± 10.54 
 

1The amount of time spent exploring each object (as defined in the Methods section) within the first 2 minutes of each test trial 
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Figure 1. Changes in testing protocol determine the 

presence of age-related recognition memory deficits.  

Examples of object pairs used are shown (A).  All objects 

were junk items purchased from local stores and included 

dog toys, children’s toys, and small household decorative 

items such as candlesticks. The procedures (B) for zero-

delay object recognition (ZOR, left) and spontaneous 

object recognition (SOR, right) are depicted.   In ZOR, 

sample trial 1 consists of 2 identical pairs of objects pairs 

(AB) presented in each arm of a y-maze that remained 

until the animal had explored one of the objects for at least 

25 sec.  After this criterion is met, barriers are removed to 

reveal a new identical pair of objects (CD).  Once the rat 

explored one of these objects for at least 25 sec, the second 

barrier was removed to reveal a familiar (AB) object and 

a novel pair of two unique objects (EF, easy condition), or 

a novel combination of previously seen objects (AC, 

hard). The SOR task uses similar methodology in an open 

field. In SOR, sample trial 1 consists of 2 identical pairs 

of objects (GH) presented within an open field until the 

animal had explored one of the objects for at least 25 sec.  

The rat was then removed from the open field for 120 sec, 

while a new identical pair of object was placed in the field 

(IJ).  The rat returned to the field for sample trial 2 until it 

explored one of the objects for at least 25 sec.  After a 120 

sec delay, rats were then tested with a familiar (GH) object 

and a novel pair of two unique objects (KL, easy 

condition), or a novel combination of previously seen 

objects (HI, hard).  Quantitative analyses of the ZOR (C) 

and SOR (D) reveal different effects obtained from these 

protocols.  While 6-month-old (white bars) and 12-month-

old (light grey) animals generally perform well under all 

conditions, 24-month old animals (dark grey) show 

recognition memory deficits only in SOR, while their 

performance in ZOR is relatively intact (data are mean ± 

SEM, * = p < 0.05 vs 12 months, ‡ = p < 0.05 vs. 24 

months, § = p <0.05 vs. easy trials in the same age group).    

 

Spontaneous Object Recognition 

 

In order to analyze the effect of the training protocol on 

recognition memory performance, animals were tested in 

SOR (Fig. 1A), the most common protocol for testing 

recognition memory, with several variations in order to 

make it as consistent with the ZOR protocol as possible.  

Testing was conducted in an open field (50 x 76 cm) with 

three black walls and one white wall, each 20-cm high. 

Testing was preceded by 10 minutes of habituation 

exposure to the empty apparatus for two consecutive 

days. Comparable to the procedure for ZOR, rats 

participated in two sample phases and then two test 

phases with 2 different levels of perceptual difficulty: 

easy and hard. Sample 1 object pairs (GH) were placed in 

the open field prior to placing the rat inside. Sample 

phase 1 ended when the rat had explored the identical 

objects for 25 sec. Upon completion of exploration of 

sample 1 stimuli, the rat was removed and placed in a 

cage located in the testing room for 120 sec.  During this 

time, the stimuli that were in the open field were changed.  

The rat was returned to the open field, which now 

contained the sample 2 (IJ) stimuli. After exploring 

sample 2 objects for 25 sec, the rat was removed and 

placed in the adjacent cage for 120 sec while the objects 

were changed. The rat was then returned to the open field, 

which now contained a novel and familiar (GH) stimulus 

pair for 5 min. The easy condition was identical to the 

hard condition except that in the easy condition, the pair 

of new objects (KL) were ones that the rat had not 
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encountered before, while in the hard condition, the 

objects were a novel configuration of familiar objects 

(GI). All rats were tested in both the hard and easy 

conditions, with the order of testing and the objects used 

was counterbalanced between animals. 

 

Statistical analysis 

 

Performance in the MWM was analyzed using repeated 

measures analysis of variance (ANOVA), using training 

day as the repeated factor and age as the between-subject 

factor.  Performance in probe trials was assessed using a 

one-way ANOVA as well as a paired t-test for each age 

group comparing time spent in the quadrant of the 

platform paired with the opposite quadrant. For both 

object recognition tasks, a discrimination index was 

calculated for the final stimulus set for each rat as a ratio 

of the time spent exploring the novel pair (TN) relative to 

the time spent in the familiar pair (TF) within the first 2 

min of the trial as follows: (TN – TF)/(TN + TF). 

Performance in both object recognition tasks was 

analyzed using repeated measures ANOVA, using 

condition (i.e., easy or hard) as the repeated factor and age 

as the between-subject factor.  Discrimination index 

scores from the choice phases were further compared for 

each age group individually using a one-sample t-test 

relative to a 0 value (indicating no recognition). A direct 

comparison between the tasks was also conducted using 

an ANOVA evaluating age by task (i.e., SOR vs. ZOR) 

for the hard condition only.  All post-hoc tests were 

conducted with Tukey’s HSD.  

In addition, performance in both recognition memory 

tests was compared to spatial memory performance in the 

MWM as previously described [31]. Briefly, data from all 

age groups were combined into a single analysis by 

converting the discrimination index from the hard 

condition in both ZOR and SOR and path lengths on the 

final day of MWM testing into z-scores calculated 

independently for each age group. This normalization 

effectively permits comparing performance across age 

groups on all 3 tasks with the number of animals tested 

[31] and prevents detecting artificial correlations due 

solely to the differences in the means across age groups 

[32].  

 

RESULTS 

 

Spatial learning in the Morris water maze 
 

Consistent with previous reports (e.g., [13, 29-31]), aged 

animals showed a deficit in locating a hidden platform in 

the MWM (Fig. 2).  

 

Spatial learning trials. All rats showed performance 

improvements (i.e., shorter path lengths) over trials (main 

effect of training day F1,26 = 30.60; p < 0.001). A 

significant main effect of age on path length (F2,26 = 3.96; 

p = 0.04) was also observed, indicating that aged rats took 

longer paths to the platform. A significant age by training 

day interaction was also present (F2,26 = 13.19; p < 0.001), 

and post hoc analyses confirmed that age-related 

differences grew larger as training progressed.  Six-

month-old rats performed significantly better than their 

older counterparts beginning on day 2 of training, while 

12-month-old rats and 24-month-old rats did not 

significantly differ in their performance until training day 

4 (p < 0.05). These data confirm that the aged rats in the 

present study had impaired spatial memory. 

  

Probe trial. Analysis of performance during the probe 

trial (Fig. 2C) confirmed the age-related deficit in spatial 

memory observed in the presence of the platform (main 

effect of age: F2,26 = 3.58; p = 0.04).  Post-hoc testing 

showed that 24-month-old rats spent significantly less 

time in the target platform quadrant than either 6-month-

old (p < 0.01) and 12-month-old (p = 0.02) rats. 

Consistent with this observation, both 6-month-old (t8= 

14.02; p < 0.001), and 12-month-old (t8 = 3.39; p = 0.009), 

rats spent significantly more time in the quadrant that 

previously held the escape platform than the opposite 

quadrant, while aged rats did not (t10 = 1.12; p = 0.29).   

 

Visible platform trials. Consistent with performance 

during spatial trials, both young and aged rats showed 

significant learning in the visible platform trials, assessed 

by a significant effect of training day (F1,26 = 12.17; p = 

0.002). A main effect of age was also observed (F2,26 = 

7.08; p = 0.004), as well as a significant interaction 

between age and training day (F2,26 = 3.54; p = 0.04).  

Although post-hoc analyses indicate that aged animals 

took significantly longer than both middle-aged and 

young animals to reach the visible platform on day 1 (p = 

0.01), much smaller differences in the average distance 

swam to reach the platform were observed on day 2. 

Consistent with this observation, post-hoc tests showed no 

significant difference was observed in the distance 

travelled between aged and middle-aged rats, consistent 

with previous reports [7, 29, 30, 33], nor between middle-

aged and young rats.  A significant difference remained 

between young and aged rats (p = 0.04).  Despite this 

difference, the reduction in path length among old animals 

and the comparable performance relative to middle-aged 

rats indicating that aged animals were able to consistently 

find the visible platform with sufficient training. These 

data make it unlikely that the age-related differences in 

spatial trials or subsequent recognition testing are due to 

deficits in visual acuity, although deficits in motor 
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abilities may be possible, particularly when comparing 6- 

and 24-month old animals.  

 

Zero-Delay Object Recognition Task 

 

Despite showing profound impairment in spatial learning, 

ZOR performance indicated that the recognition memory 

of aged animals was relatively preserved.  

 

Sample Phase. All animals explored during the sample 

phases for 25 sec in under 5 min on all trials. Analysis of 

the total time required to complete 25 sec of exploration 

in the sample phase was analyzed. This analysis revealed 

no significant difference between age groups, no 

significant effect of condition (i.e., easy vs. hard), and no 

significant interaction (F < 1.49; p > 0.22 in all cases).  

Choice Phase. During the first 2 minutes of the retrieval 

trial (Fig. 1C), a significant main effect of condition (F2,26 

= 4.34; p = 0.03) demonstrated that discrimination index 

scores were significantly lower for hard trials than for 

easy ones for all 3 age groups (p < 0.05 in all 3 cases). No 

significant effect of age (F2,26 = 2.01; p = 0.15) or age by 

difficulty interaction (F2,26 = 0.23; p = 0.79) were 

observed. In all cases, animals from all age groups showed 

discrimination scores significantly different from 0 

(chance) during both the easy (young: t8 = 3.54, p < 0.01; 

middle-aged: t8 = 3.31, p < 0.01; aged: t10 = 3.17, p = 0.01) 

and hard (young: t8 = 2.86, p = 0.02; middle-aged: t8 = 

2.51, p = 0.03; aged: t10 = 2.29, p = 0.04) recognition tests.   

 

 

 

 
 

Figure 2. Age-related spatial memory deficits correlate with spontaneous object recognition performance.  

Analysis of path lengths (A) in the Morris water maze (MWM) shows that when the platform was hidden, 6-month-old 

rats (white diamonds) swam shorter paths to reach the hidden platform than either 12-month-old (light gray square) 24-

month-old (dark gray triangle) rats by day 2 of training.  By day 4, 12-month-old rats also outperformed 24-month old 

ones.  During trials in which the platform was visible (B), all 3 age groups had significantly different path lengths on day 

one, and this difference became much smaller by day 2 such that only 6-month-old and 24-month-old rats shows a 

significant difference. During the probe trial (C), both 6-month-old (white) and 12-month-old (light grey) rats spent 

significantly more time than aged rats (dark grey) in the quadrant that previously held the platform (target) than the 

opposite quadrant. Regression shows that spatial memory performance does not predict the performance of individual 

animals in zero-delay object recognition (ZOR, D).  However, spatial memory significantly predicts SOR performance 

(E) in individual animals (all data are mean ± SEM; * = p < 0.05, 12 vs 24-moth-old; † = p < 0.05, 6-month-old vs 24-

month-old; ‡ = p < 0.05, 6-month-old and 24-month-old; § p < 0.05, vs opposite quadrant in the same age group). 
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 Spontaneous Object Recognition Task 

 

Consistent with previous reports (e.g., [7,12,14]), age-

related differences in SOR performance were observed, 

particularly for the hard trials.   

 

Sample Phase.  All animals explored during the sample 

phases for 25 sec in under 5 min on all trials.  Analysis of 

the total time required to complete 25 sec of exploration 

in the sample phase yielded results comparable to the 

ZOR.  That is, no significant age difference was observed, 

and no significant effect of condition (i.e., hard vs. easy), 

and no significant interaction (F < 1.26, p > 0.30 in all 

cases).  

 

Choice Phase. During the first 2 minutes of the test trial 

(Fig. 1D), a significant main effect of condition (F2,26 = 

4.34; p = 0.02) was observed.  For all 3 age groups, 

discrimination index scores were significantly lower for 

hard discriminations than easy ones (p < 0.05 in all 3 

cases). No significant effect of age was observed (F2,26 = 

0.39; p = 0.68), however a significant age by difficulty 

interaction (F2,26 = 3.56; p = 0.04) demonstrated age-

related differences in recognition under the hard 

condition.  In fact, although aged animals were able to 

recognize the familiar object in the easy condition (t10 = 

2.59; p = 0.01), they showed performance that was not 

significantly different from chance in the hard condition 

(t10 = 1.13; p = 0.14).  Both young and middle-aged 

animals showed significant recognition in both easy 

(young: t7 = 3.38, p < 0.01; middle-aged: t7 = 3.51, p < 

0.01) and hard (young: t7 = 2.43, p = 0.02; middle-aged: 

t7 = 2.21, p = 0.03) conditions.  

 

Comparison between Tasks 
 

A direct comparison of performance in the hard condition 

between the tasks shows no significant effect of age (F2,26 

= 2.21; p = 0.14).  However, a significant effect of task 

(F1,26 = 4.94; p = 0.03) as well as a task by age interaction 

(F1,26 = 4.63; p = 0.04) were observed.  This pattern is 

consistent with the interpretation that aged animals are 

impaired relative to their younger counterparts on the 

SOR and not ZOR.  

 

Correlations with Spatial Learning 

 

The discrepancy in the results obtained from ZOR and 

SOR tasks suggests that age-related deficits reported in 

many previous studies of SOR may be the result of 

hippocampal contribution to task performance.  

Consistent with this hypothesis, comparison of 

recognition performance within both tasks with spatial 

learning in the same group of animals (Fig. 2C, D) reveals 

a significant correlation between performance on the 

probe trial in the MWM and the mean discrimination ratio 

obtained in the SOR (r = 0.75; p < 0.01).  No significant 

correlation was seen between MWM performance and 

ZOR (r = 0.24, p = 0.31). 

 

DISCUSSION 

 

The current results provide a potential explanation for the 

equivocal results seen among studies of age-related 

differences in recognition memory.  This is because 

recognition memory performance in the same group of 

older animals can be made to appear normal or deficient 

as a result of small changes in the testing procedure.  That 

is, when using procedures common to many studies that 

report age-related deficits in recognition memory (i.e., the 

use of an open field and the removal of animals during 

short delays between trials), older animals appear to have 

compromised memory, yet when these animals are tested 

using a variation of recognition memory testing (i.e., 

ZOR) that has been shown to make performance more 

resilient to hippocampal damage [27], recognition 

memory appears relatively intact.  Importantly, the 

discrepancy in the data from ZOR and SOR cannot be 

explained either by individual differences in animals, or 

by features of the objects being tested because the same 

animals were tested in both conditions and the objects 

used were counterbalanced.  Moreover, the fact that 

performance in the SOR and not ZOR is predicted by 

spatial memory performance in the MWM suggests that 

these differences are not merely the result of differences 

in the sensitivity of the ZOR and SOR tasks to the effects 

of ageing.  Rather, it is more likely that these variations in 

testing procedure result in tasks with different cognitive 

demands.     

 As an alternative explanation, it could be 

hypothesized that order effects may cause the difference 

in performance in ZOR and SOR, as testing was not 

counterbalanced between groups.  Such order effects 

could take two forms: one related to learning general task 

demands and one related to memory interference.   

 Since the ZOR and SOR have at least some similar 

task demands, it may be hypothesized that the experience 

from completing the ZOR and its similar task demands 

may provide some knowledge that can be transferred to 

improve performance on SOR.  If younger animals benefit 

from this experience more than older ones, this may cause 

an age-related deficit to emerge as a result of testing order 

rather than true differences in the testing protocol.  This 

explanation seems unlikely based on the data, however, 

since this should presumably cause the discrimination 

ratio for young animals to go up from the ZOR to the SOR 

as a result of the beneficial effect of previous experience.  
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Instead, they decrease, which is inconsistent with this 

hypothesis.   

 It could also be proposed that the experience from 

completing the ZOR and its similar task demands may 

inherently make the later-tested SOR more difficult due to 

greater potential for interference from similar memories.  

Although one cannot completely rule out this possibility, 

this explanation also seems unlikely because 5 days 

passed between testing, and previous data suggests that 

older animals show steeper forgetting rates [34].  Based 

on this evidence, older animals should have an advantage 

in SOR under this circumstance, yet show a consistent 

deficit. 

 Finally, one could propose that visual or motor 

deficits could be responsible for the change in 

performance in SOR relative to ZOR, since older animals 

showed longer path lengths to reach visible platform 

locations in the MWM.  The same objects were used (in a 

counterbalanced fashion) for the ZOR and SOR, so visual 

deficits cannot account for their poor performance 

selectively in SOR. Similarly, it is not clear how motor 

deficits could disproportionately impact performance in 

SOR.  In fact, SOR should have less motor demands than 

ZOR, since animals can travel in a straight line between 

objects rather than cross the centre of a Y-maze.  Thus, 

motor impairments should manifest as an age-related 

deficit in the opposite direction from the pattern observed 

here.    

 It remains a more parsimonious explanation that these 

variations in testing procedure between the ZOR and SOR 

result in tasks with different cognitive demands. It should 

be noted, however, that although the results presented 

here show proof of principle that the cognitive demands 

of these protocols are not equivalent, they do not provide 

insight into the nature of this difference, and this is a 

matter for future research. There are other several features 

that differ between these two paradigms that have the 

potential to influence performance on the ZOR and SOR 

tasks, such as perceptual and motor demands, number of 

trials and the interval among them, and the stress induced 

by each protocol. As such, the reason for this discrepancy 

can only be speculated upon based on the current data.    

 Among the possible explanations, it is plausible that 

SOR has a greater mnemonic demand relative to ZOR 

because of the delay inherent to the SOR.  While the ideal 

comparison would be conducting SOR with zero delay, 

this was not feasible. In an effort to make the task as 

comparable as possible to the ZOR, the delay between the 

sample phase and the choice phase in the SOR was made 

as short as possible while still providing enough time to 

exchange the objects.  However, this short delay may have 

been enough to engage the hippocampus, particularly in 

older animals.  Consistent with this idea, a recent review 

[35] indicated that the delay between choice and testing 

phase was the single most reliable predictor of whether a 

hippocampal lesion would produce a deficit in 

performance in SOR.  While this particular review 

suggested that 10 min was the minimum delay required to 

create a deficit in the absence of the hippocampus, it is 

possible that this threshold is lower for older animals if, 

for instance, the hippocampus is being engaged in these 

animals as a means to compensate for impairment in the 

function of other regions in the object recognition circuit 

such as the perirhinal cortex.   

 As an alternative, the delay interval and the change in 

the environment potentially provide conditions for SOR 

to tax working memory, and thus perhaps prefrontal 

cortex function, more than ZOR [36].  This hypothesis is 

consistent with the wealth of evidence for age-related 

deficits in working memory in multiple species [37], but 

is not consistent with the correlational data between 

performance in SOR and MWM.  These structures show 

strong interdependence, however, and the hypotheses that 

these two tasks differentially tax the prefrontal cortex and 

hippocampus are not mutually exclusive. 

 Moreover, SOR may have a greater mnemonic 

demand than SOR as a result of using an open field.  

Although a rat may be capable of examining multiple 

objects simultaneously when they are presented together 

within an open field, this is not the typical pattern of 

behaviour.  Rats explore each object independently before 

moving to explore the other object, often after a bout of 

exploring other parts of the environment [38]. Because 

rats explored only one object at a time, performance on 

the task necessarily requires memory to some extent [38].  

 The fact that performance in the best characterized 

test of hippocampal function (i.e., spatial memory 

performance in the MWM) predicts performance in the 

SOR is consistent with the proposal that (a) there is a 

hippocampal contribution to SOR performance in an 

open-field, and (b) it is this hippocampal contribution that 

disproportionately mediates age-related deficits in 

recognition memory as they are typically tested.  

Hippocampal involvement in SOR is controversial and 

well investigated [35,38,39], however, and the current 

data are neither causal nor definitive. Moreover, a wide 

array of human and animal data show that the function of 

the perirhinal cortex is impaired with age, and the current 

data do not undermine this wealth of evidence.   

 The current data do, however, demonstrate that some 

recognition testing protocols (e.g., in open field 

environments and/or with short delays) may significantly 

alter the observation of recognition deficits observed in 

older humans and animals.  It is noteworthy that a recent 

meta-analysis on human recognition performance in 

normal ageing shows that the deficits observed show a 

similar variation on the basis of testing procedure [39].  

Collectively, these results are compatible with the idea 
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that multiple systems can drive performance in 

recognition tasks – a fast, automatic, hippocampus-

independent familiarity system and a slower 

hippocampus-dependent recollection system [40,41]. 

Thus, the two protocols may tax highly overlapping but 

non-identical neural circuits that mediate recognition 

memory under different testing scenarios, with a circuit 

taxed by SOR that includes the hippocampus (and perhaps 

the prefrontal cortex), and a circuit taxed by ZOR that 

does not.  Thus, relatively small changes in testing 

protocol can affect whether aged animals appear to have 

recognition memory deficits, consistent with a wealth of 

human literature [39].  

 

Acknowledgements 

 

This work was supported by the Natural Science and 

Engineering Research Council of Canada and the Ontario 

Mental Health Foundation. 

 

References 

 
[1]  Ennaceur A, Delacour J (1988). A new one-trial test for 

neurobiological studies of memory in rats. 1: Behavioral 

data. Behav Brain Res, 31: 47-59. 

[2]  Willig F, Palacios A, Monmaur P, M’Harzi M, Laurent 

J, Delacour J (1987). Short-term memory, exploration 

and locomotor activity in aged rats. Neurobiol Aging, 8: 

393-402. 

[3]  Bartolini L, Casamenti F, Pepeu G (1996). Aniracetam 

restores object recognition impaired by age, 

scopolamine, and nucleus basalis lesions. Pharmacol 

Biochem Behav, 53: 277-283. 

[4]  Da Silva Costa-Aze V, Dauphin F, Boulouard M (2011). 

Serotonin 5-HT6 receptor blockade reverses the age-

related deficits of recognition memory and working 

memory in mice. Behav Brain Res, 222: 134-140.  

[5]  Vannucchi MG, Scali C, Kopf SR, Pepeu G, Casamenti 

F (1997). Selective muscarinic antagonists differentially 

affect in vivo acetylcholine release and memory 

performances of young and aged rats. Neurosci, 79: 837-

846. 

[6]  Pitsikas N, Rigamonti AE, Cella SG, Sakellaridis N, 

Muller EE (2005). The nitric oxide donor molsidomine 

antagonizes age-related memory deficits in the rat. 

Neurobiol Aging, 26: 259-264.  

[7]  Burke SN, Wallace JL, Hartzell AL, Nematollahi S, 

Plange K, Barnes CA (2011). Age-associated deficits in 

pattern separation functions of the perirhinal cortex: a 

cross-species consensus. Behav Neurosci, 125, 836-847. 

[8]  Leite MR, Wilhelm EA, Jesse CR, Brandão R, Nogueira 

CW (2011). Protective effect of caffeine and a selective 

A2A receptor antagonist on impairment of memory and 

oxidative stress of aged rats. Exp Gerontol, 46: 309-315. 

[9]  Scali C, Casamenti F, Pazzagli M, Bartolini L, Pepeu G 

(1994). Nerve growth factor increases extracellular 

acetylcholine levels in the parietal cortex and 

hippocampus of aged rats and restores object 

recognition. Neurosci Lett, 170: 117-120. 

[10]  Scali C, Giovannini MG, Bartolini L, Prosperi C, Hinz 

V, Schmidt B, Pepeu G (1997). Effect of metrifonate on 

extracellular brain acetylcholine and object recognition 

in aged rats. Eur J Pharmacol, 325: 173-180. 

[11]  Scali C, Giovannini MG, Prosperi C, Bartolini L, Pepeu 

G (1997). Tacrine administration enhances extracellular 

acetylcholine in vivo and restores the cognitive 

impairment in aged rats. Pharmacol Res, 36: 463-469. 

[12]  Pietá Dias C, Martins de Lima MN, Presti-Torres J, 

Dornelles A, Garcia VA, Siciliani Scalco F, Rewsaat 

Guimarães M, Constantino L, Budni P, Dal-Pizzol F, 

Schröder N (2007). Memantine reduces oxidative 

damage and enhances long-term recognition memory in 

aged rats. Neurosci, 146: 1719-1725.  

[13]  Burke SN, Wallace JL, Nematollahi S, Uprety AR, 

Barnes CA (2010). Pattern separation deficits may 

contribute to age-associated recognition impairments. 

Behav Neurosci, 124, 559-573 

[14]  de Lima MN, Laranja DC, Caldana F, Bromberg E, 

Roesler R, Schröder N (2005). Reversal of age-related 

deficits in object recognition memory in rats with l-

deprenyl. Exp Gerontol, 40: 506-511.  

[15]  Aggleton JP, Blindt HS, Candy JM (1989). Working 

memory in aged rats. Behav Neurosci, 103: 975-983. 

[16]  Bergado JA, Almaguer W, Rojas Y, Capdevila V, Frey 

JU (2011). Spatial and emotional memory in aged rats: a 

behavioral-statistical analysis. Neurosci, 172: 256-269. 

[17]  Cavoy A, Delacour J (1993). Spatial but not object 

recognition is impaired by aging in rats. Physiol Behav, 

53: 527-530. 

[18]  Murray EA, Bussey TJ, Saksida LM (2007). Visual 

perception and memory: a new view of medial temporal 

lobe function in primates and rodents. Annu Rev 

Neurosci, 30: 99-122. 

[19]  Graham KS, Scahill VL, Hornberger M, Barense MD, 

Lee AC, Bussey TJ, Saksida LM (2006). Abnormal 

categorization and perceptual learning in patients with 

hippocampal damage. J Neurosci, 26: 7547-7554. 

[20]  Baxter MG, Murray EA (2001). Impairments in visual 

discrimination learning and recognition memory 

produced by neurotoxic lesions of rhinal cortex in rhesus 

monkeys. Eur J Neurosci, 13: 1228-1238. 

[21]  Clark RE, West AN, Zola SM, Squire LR (2001). Rats 

with lesions of the hippocampus are impaired on the 

delayed nonmatching-to-sample task. Hippocampus, 11: 

176-186. 

[22]  Broadbent NJ, Squire LR, Clark RE (2004). Spatial 

memory, recognition memory, and the hippocampus. 

Proc Natl Acad Sci USA, 101: 14515-14520. 

[23]  Zola SM, Squire LR (2001). Relationship between 

magnitude of damage to the hippocampus and impaired 

recognition memory in monkeys. Hippocampus, 11: 92-

98. 

[24]  Small SA, Schobel SA, Buxton RB, Witter MP, Barnes 

CA (2011). A pathophysiological framework of 

hippocampal dysfunction in ageing and disease. Nat Rev 

Neurosci, 12: 585-601. 



Marrone DF., et al                                                                                            Test protocol and recognition deficits 

 

Aging and Disease • Volume 9, Number 5, October 2018                                                                               807 

 

[25]  Alvarez P, Zola-Morgan S, Squire LR (1995). Damage 

limited to the hippocampal region produces long-lasting 

memory impairment in monkeys. J Neurosci, 15: 3796-

3807. 

[26]  Murray EA, Mishkin M (1998). Object recognition and 

location memory in monkeys with excitotoxic lesions of 

the amygdala and hippocampus. J Neurosci, 18: 6568-

6582. 

[27]  Bartko SJ, Winters BD, Cowell RA (2007). Perirhinal 

cortex resolves feature ambiguity in configural object 

recognition and perceptual oddity tasks. Learn Mem, 14: 

821-832. 

[28]  Morris RG, Garrud P, Rawlins JN, O'Keefe J (1982). 

Place navigation impaired in rats with hippocampal 

lesions. Nature, 297: 681-683. 

[29]  Marrone DF, Ramirez-Amaya V, Barnes CA (2012). 

Neurons generated in senescence maintain capacity for 

functional integration. Hippocampus, 22: 1134-1142. 

[30]  Marrone DF, Satvat E, Shaner MJ, Worley PF, Barnes 

CA (2012).  Attenuated long-term Arc expression in the 

aged fascia dentata. Neurobiol Aging, 33: 979-990. 

[31]  Gerrard JL, Burke SN, McNaughton BL, Barnes CA 

(2008). Sequence reactivation in the hippocampus is 

impaired in aged rats. J Neurosci, 28: 7883-7890. 

[32]  Baxter MG, Gallagher M. (1996). Neurobiological 

substrates of behavioral decline: models and data 

analytic strategies for individual differences in aging. 

Neurobiol Aging, 17: 491-495.  

[33]  Gheidi A, Azzopardi E, Adams AA, Marrone DF (2013). 

Experience-dependent persistent expression of zif268 

during rest is preserved in the aged dentate gyrus. BMC 

Neurosci, 14: 100.  

[34]  Barnes CA (1979). Memory deficits associated with 

senescence: a neurophysiological and behavioral study 

in the rat. J Comp Physiol Psychol, 93: 74-104. 

[35]  Cohen SJ, Stackman RW (2015). Assessing rodent 

hippocampal involvement in the novel object recognition 

task: A review. Behav Brain Res, 285:105-117.  

[36] Curtis CE, D’Esposito M (2003). Persistent activity in 

the prefrontal cortex during working memory. Trends 

Cogn Sci, 7: 415-423. 

[37]  Bizon JL, Foster TC, Alexander GE, Glisky EL (2012). 

Characterizing cognitive aging of working memory and 

executive function in animal models. Front Aging 

Neurosci, 4:19. 

[38]  Hales JB, Broadbent NJ, Velu PD, Squire LR, Clark RE 

(2015). Hippocampus, perirhinal cortex, and complex 

visual discriminations in rats and humans. Learn Mem, 

22: 83-91.  

[39]  Koen JD, Yonelinas AP (2014). The effects of healthy 

aging, amnestic mild cognitive impairment, and 

Alzheimer's disease on recollection and familiarity: a 

meta-analytic review. Neuropsychol Rev, 24: 332-354.  

[40]  Mandler G (1980). Recognizing: The judgement of prior 

occurrence. Psychol Rev, 87: 252-271. 

[41]  Brown MW, Aggleton JP (2001). Recognition memory: 

what are the roles of the perirhinal cortex and 

hippocampus? Nature Rev Neurosci, 2: 51-61. 

 
 

 


